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i
c
u
l
a
r
,
w
e
s
h
o
w
i
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
3
D
c
o
n
v
o
l
u
t
i
o
n
f
o
r
r
e
s
a
m
p
l
i
n
g
w
i
t
h
s
y
s
t
o
l
i
c
a
r
r
a
y
s
t
r
u
c
t
u
r
e
.
2
.
P
r
e
v
i
o
u
s
w
o
r
k
s
F
r
o
m
a
r
c
h
i
t
e
c
t
u
r
a
l
s
t
a
n
d
p
o
i
n
t
,
t
h
e
r
a
y
-
c
a
s
t
i
n
g
a
l
g
o
-
r
i
t
h
m
i
s
c
a
t
e
g
o
r
i
z
e
d
i
n
t
o
t
w
o
s
c
h
e
m
e
s
f
o
r
i
m
p
l
e
m
e
n
t
a
-
t
i
o
n
:
s
a
m
p
l
e
-
o
r
d
e
r
a
n
d
v
o
x
e
l
-
o
r
d
e
r
s
c
h
e
m
e
.
A
s
t
h
e
t
e
r
-
m
i
m
p
l
i
e
d
,
t
h
e
s
a
m
p
l
e
-
o
r
d
e
r
s
c
h
e
m
e
u
s
e
s
s
a
m
p
l
e
p
o
i
n
t
a
s
a
s
t
a
r
t
i
n
g
p
o
i
n
t
o
f
p
r
o
c
e
s
s
i
n
g
t
h
e
n
g
e
t
m
e
m
o
r
y
a
d
-
d
r
e
s
s
o
f
v
o
x
e
l
.
O
n
t
h
e
o
t
h
e
r
h
a
n
d
,
t
h
e
v
o
x
e
l
-
o
r
d
e
r
y
g
e
n
e
r
a
t
i
n
g
m
o
r
e
t
h
a
n
3
0
i
m
a
g
e
s
i
n
a
s
e
c
o
n
d2
I
E
I
C
E
T
R
A
N
S
.
I
N
F
O
R
M
A
T
I
O
N
S
Y
S
T
E
M
S
,
V
O
L
.
E
0
0
{
A
,
N
O
.
1
J
A
N
U
A
R
Y
1
9
9
9
s
c
h
e
m
e
u
s
e
s
m
e
m
o
r
y
a
d
d
r
e
s
s
o
f
v
o
x
e
l
d
i
r
e
c
t
l
y
a
s
s
t
a
r
t
-
i
n
g
p
o
i
n
t
f
o
r
p
r
o
c
e
s
s
i
n
g
.
E
a
c
h
s
c
h
e
m
e
h
a
s
a
d
v
a
n
t
a
g
e
s
a
n
d
d
i
s
a
d
v
a
n
t
a
g
e
s
f
o
r
s
t
r
u
c
t
u
r
i
n
g
r
e
a
l
-
t
i
m
e
v
o
l
u
m
e
r
e
n
-
d
e
r
i
n
g
a
r
c
h
i
t
e
c
t
u
r
e
s
.
2
.
1
S
a
m
p
l
e
-
o
r
d
e
r
s
c
h
e
m
e
T
h
e
s
a
m
p
l
e
-
o
r
d
e
r
s
c
h
e
m
e
i
s
s
t
r
a
i
g
h
t
f
o
r
w
a
r
d
i
m
p
l
e
-
m
e
n
t
a
t
i
o
n
o
f
r
a
y
-
c
a
s
t
i
n
g
a
l
g
o
r
i
t
h
m
.
T
h
e
r
a
y
-
p
a
r
a
l
l
e
l
m
e
t
h
o
d
i
n
t
h
e
s
c
h
e
m
e
p
a
r
a
l
l
e
l
i
z
e
s
r
e
n
d
e
r
i
n
g
o
p
e
r
a
t
i
o
n
s
o
n
a
r
a
y
b
a
s
i
s
[
4
]
.
T
h
e
n
u
m
b
e
r
o
f
r
a
y
s
t
o
c
a
s
t
i
s
d
e
-
t
e
r
m
i
n
e
d
b
y
t
h
e
s
c
r
e
e
n
s
i
z
e
a
n
d
r
e
s
o
l
u
t
i
o
n
.
I
t
c
a
n
u
s
e
s
o
m
e
o
p
t
i
m
i
z
a
t
i
o
n
t
e
c
h
n
i
q
u
e
s
a
v
a
i
l
a
b
l
e
f
o
r
t
h
i
s
s
c
h
e
m
e
.
E
a
r
l
y
r
a
y
t
e
r
m
i
n
a
t
i
o
n
a
n
d
c
o
h
e
r
e
n
c
e
e
n
c
o
d
i
n
g
a
r
e
t
-
w
o
e
x
a
m
p
l
e
s
t
o
r
e
d
u
c
e
t
h
e
n
u
m
b
e
r
o
f
m
e
m
o
r
y
a
c
c
e
s
s
e
s
[
7
]
.
T
h
e
m
a
j
o
r
d
i
s
a
d
v
a
n
t
a
g
e
o
f
t
h
i
s
s
c
h
e
m
e
i
s
t
h
a
t
o
n
e
v
o
x
e
l
i
s
s
i
m
u
l
t
a
n
e
o
u
s
l
y
a
c
c
e
s
s
e
d
b
y
m
u
l
t
i
p
l
e
r
a
y
s
f
o
r
r
e
s
a
m
p
l
i
n
g
,
w
h
i
c
h
i
n
c
r
e
a
s
e
s
t
h
e
t
o
t
a
l
n
u
m
b
e
r
o
f
m
e
m
-
o
r
y
a
c
c
e
s
s
e
s
t
i
m
e
.
I
n
a
d
d
i
t
i
o
n
,
i
t
r
e
q
u
e
s
t
s
c
o
m
p
l
i
c
a
t
-
e
d
m
e
m
o
r
y
a
d
d
r
e
s
s
c
a
l
c
u
l
a
t
i
o
n
f
r
o
m
t
h
e
s
a
m
p
l
e
p
o
i
n
t
.
T
h
e
s
e
a
r
e
d
i
s
a
d
v
a
n
t
a
g
e
s
f
o
r
h
a
r
d
w
a
r
e
i
m
p
l
e
m
e
n
t
a
t
i
o
n
s
.
V
I
R
I
M
[
2
]
i
s
o
n
e
o
f
t
y
p
i
c
a
l
r
e
a
l
-
t
i
m
e
p
a
r
a
l
l
e
l
r
e
n
d
e
r
i
n
g
s
y
s
t
e
m
i
n
t
h
i
s
s
c
h
e
m
e
.
I
t
i
s
a
p
a
r
a
l
l
e
l
r
e
n
d
e
r
i
n
g
s
y
s
t
e
m
f
o
r
b
o
t
h
p
a
r
a
l
l
e
l
a
n
d
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
s
,
b
u
t
n
o
t
o
r
g
a
n
i
z
e
d
i
n
a
c
o
m
p
l
e
t
e
p
a
r
a
l
l
e
l
-
p
i
p
e
l
i
n
e
s
t
r
u
c
t
u
r
e
f
o
r
V
L
S
I
i
m
p
l
e
m
e
n
t
a
t
i
o
n
.
I
n
a
d
d
i
t
i
o
n
,
i
t
c
a
n
n
o
t
g
e
n
e
r
a
t
e
i
m
a
g
e
s
f
o
r
l
a
r
g
e
d
a
t
a
m
o
r
e
t
h
a
n
6
4
3
g
r
i
d
s
i
n
r
e
a
l
-
t
i
m
e
.
2
.
2
V
o
x
e
l
-
o
r
d
e
r
s
c
h
e
m
e
T
h
e
v
o
x
e
l
-
o
r
d
e
r
s
c
h
e
m
e
o
n
t
h
e
o
t
h
e
r
h
a
n
d
,
u
s
e
s
v
o
x
-
e
l
a
d
d
r
e
s
s
d
i
r
e
c
t
l
y
s
o
t
h
a
t
m
e
m
o
r
y
a
d
d
r
e
s
s
c
a
l
c
u
l
a
t
i
o
n
i
s
s
i
m
p
l
e
a
n
d
s
u
i
t
a
b
l
e
f
o
r
V
L
S
I
i
m
p
l
e
m
e
n
t
a
t
i
o
n
.
T
h
e
m
a
j
o
r
a
d
v
a
n
t
a
g
e
s
o
f
t
h
i
s
s
c
h
e
m
e
a
r
e
t
h
e
r
e
d
u
c
t
i
o
n
o
f
t
h
e
n
u
m
b
e
r
o
f
m
e
m
o
r
y
a
c
c
e
s
s
e
s
,
a
n
d
t
h
e
￿
x
e
d
r
e
s
a
m
-
p
l
i
n
g
s
t
r
u
c
t
u
r
e
.
T
h
e
v
o
x
e
l
-
p
a
r
a
l
l
e
l
m
e
t
h
o
d
[
1
1
]
[
1
0
]
i
n
t
h
e
s
c
h
e
m
e
r
e
a
d
s
v
o
x
e
l
e
s
o
n
c
e
a
n
d
r
e
t
a
i
n
s
t
h
e
m
u
n
t
i
l
a
l
l
t
h
e
s
a
m
p
l
e
s
r
e
q
u
i
r
i
n
g
t
h
e
v
o
x
e
l
s
.
T
h
e
d
i
s
a
d
v
a
n
t
a
g
e
i
s
t
h
a
t
t
h
e
r
e
a
r
e
n
o
m
a
j
o
r
o
p
t
i
m
i
z
a
t
i
o
n
t
e
c
h
n
i
q
u
e
s
a
v
a
i
l
-
a
b
l
e
f
o
r
t
h
i
s
s
c
h
e
m
e
.
T
h
e
o
p
t
i
m
i
z
a
t
i
o
n
t
e
c
h
n
i
q
u
e
s
f
o
r
t
h
e
r
a
y
-
p
a
r
a
l
l
e
l
m
e
t
h
o
d
c
a
n
n
o
t
b
e
u
s
e
d
f
o
r
t
h
i
s
v
o
x
e
l
-
o
r
d
e
r
s
c
h
e
m
e
,
b
e
c
a
u
s
e
t
h
e
y
b
r
e
a
k
t
h
e
￿
x
e
d
r
e
s
a
m
p
l
i
n
g
s
t
r
u
c
t
u
r
e
.
C
u
b
e
-
4
[
1
1
]
a
n
d
i
t
s
V
L
S
I
i
m
p
l
e
m
e
n
t
a
t
i
o
n
:
E
M
-
C
u
b
e
[
9
]
(
p
r
o
d
u
c
t
n
a
m
e
i
s
V
o
l
u
m
e
P
r
o
[
1
2
]
)
a
r
e
r
e
n
-
d
e
r
i
n
g
s
y
s
t
e
m
i
n
t
h
i
s
s
c
h
e
m
e
.
T
h
e
a
r
c
h
i
t
e
c
t
u
r
e
s
a
r
e
o
r
g
a
n
i
z
e
d
i
n
s
y
s
t
o
l
i
c
a
r
r
a
y
s
t
r
u
c
t
u
r
e
.
H
o
w
e
v
e
r
,
t
h
e
y
s
u
p
p
o
r
t
o
n
l
y
p
a
r
a
l
l
e
l
p
r
o
j
e
c
t
i
o
n
s
.
T
h
e
m
e
m
o
r
y
a
c
c
e
s
s
f
o
r
p
a
r
a
l
l
e
l
p
r
o
j
e
c
t
i
o
n
s
a
r
e
v
e
r
y
r
e
g
u
l
a
r
a
n
d
a
m
e
n
a
b
l
e
t
o
p
a
r
a
l
l
e
l
p
i
p
e
l
i
n
e
d
p
r
o
c
e
s
s
i
n
g
;
a
r
e
n
d
e
r
i
n
g
p
i
p
e
l
i
n
e
i
s
d
i
r
e
c
t
l
y
c
o
r
r
e
s
p
o
n
d
e
d
t
o
a
r
a
y
.
T
h
e
m
e
m
o
r
y
a
c
c
e
s
s
f
o
r
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
s
,
h
o
w
e
v
e
r
,
a
r
e
n
o
t
r
e
g
u
l
a
r
d
u
e
t
o
d
i
v
e
r
g
i
n
g
p
e
r
s
p
e
c
t
i
v
e
r
a
y
s
.
T
h
i
s
p
r
o
c
e
s
s
i
n
g
v
a
r
i
a
b
i
l
i
t
y
a
d
v
e
r
s
e
l
y
a
￿
e
c
t
s
t
h
e
p
a
r
a
l
l
e
l
-
p
i
p
e
l
i
n
e
s
t
r
u
c
t
u
r
e
f
o
r
p
e
r
-
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
s
a
n
d
i
t
h
a
s
b
e
e
n
a
m
a
j
o
r
o
b
s
t
a
c
l
e
f
o
r
h
a
r
d
w
a
r
e
i
m
p
l
e
m
e
n
t
a
t
i
o
n
i
n
t
h
i
s
s
c
h
e
m
e
[
1
2
]
.
T
h
e
s
h
e
a
r
-
w
a
r
p
[
6
]
[
5
]
i
s
a
n
o
t
h
e
r
m
e
t
h
o
d
i
n
v
o
x
e
l
-
o
r
d
e
r
s
c
h
e
m
e
.
I
t
h
a
s
b
e
e
n
u
s
e
d
a
s
s
o
f
t
w
a
r
e
o
r
i
e
n
t
e
d
m
e
t
h
o
d
f
o
r
b
o
t
h
p
a
r
a
l
l
e
l
a
n
d
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
-
s
.
A
l
t
h
o
u
g
h
i
t
h
a
s
t
h
e
s
i
g
n
i
￿
c
a
n
t
a
d
v
a
n
t
a
g
e
,
i
.
e
.
b
o
t
h
p
r
o
j
e
c
t
i
o
n
s
c
a
n
b
e
t
r
e
a
t
e
d
w
i
t
h
u
n
i
￿
e
d
w
a
y
,
h
a
r
d
w
a
r
e
i
m
p
l
e
m
e
n
t
a
t
i
o
n
s
o
f
c
o
n
v
o
l
u
t
i
o
n
f
o
r
v
a
r
i
a
v
l
e
s
i
z
e
i
s
h
a
r
d
d
u
e
t
o
d
i
v
e
r
s
i
n
g
r
a
y
s
s
o
t
h
a
t
i
t
h
a
s
b
e
e
n
u
s
e
d
f
o
r
s
o
f
t
-
w
a
r
e
i
m
p
l
e
m
e
n
t
a
t
i
o
n
s
.
3
.
I
s
s
u
e
s
o
f
P
e
r
s
p
e
c
t
i
v
e
P
r
o
j
e
c
t
i
o
n
s
T
h
e
s
h
e
a
r
-
w
a
r
p
m
e
t
h
o
d
p
r
o
d
u
c
e
s
a
d
i
s
t
o
r
t
e
d
b
a
s
e
p
l
a
n
e
y
i
m
a
g
e
w
i
t
h
a
s
h
e
a
r
i
n
g
m
a
t
r
i
x
H
[
6
]
[
5
]
a
s
a
n
i
n
-
t
e
r
m
e
d
i
a
t
e
i
m
a
g
e
,
t
h
e
n
t
h
e
i
m
a
g
e
i
s
w
a
r
p
e
d
t
o
p
r
o
d
u
c
e
a
c
o
r
r
e
c
t
i
m
a
g
e
o
n
a
s
c
r
e
e
n
.
F
i
g
.
1
s
h
o
w
s
t
h
e
p
e
r
s
p
e
c
-
t
i
v
e
r
a
y
s
p
a
r
a
l
l
e
l
i
z
e
d
a
t
t
h
e
b
a
s
e
p
l
a
n
e
b
y
t
h
e
s
h
e
a
r
i
n
g
m
a
t
r
i
x
H
.
T
h
e
y
a
r
e
p
a
r
a
l
l
e
l
t
o
t
h
e
p
r
i
n
c
i
p
a
l
v
i
e
w
i
n
g
a
x
i
s
a
n
d
p
e
r
p
e
n
d
i
c
u
l
a
r
t
o
t
h
e
b
a
s
e
p
l
a
n
e
.
T
h
e
s
h
e
a
r
i
n
g
t
r
a
n
s
f
o
r
m
a
t
i
o
n
s
h
e
a
r
s
a
n
d
p
r
o
g
r
e
s
s
i
v
e
l
y
s
c
a
l
e
s
t
h
e
v
o
x
-
e
l
g
r
i
d
a
s
s
h
o
w
n
i
n
F
i
g
.
1
,
w
h
e
r
e
t
h
e
v
o
x
e
l
g
r
i
d
b
e
c
o
m
e
s
￿
n
e
r
a
s
t
h
e
d
i
s
t
a
n
c
e
f
r
o
m
t
h
e
b
a
s
e
p
l
a
n
e
i
n
c
r
e
a
s
e
s
.
S
t
a
r
t
i
n
g
f
r
o
m
a
p
o
s
i
t
i
o
n
i
n
t
h
e
￿
r
s
t
s
l
i
c
e
,
i
.
e
.
b
a
s
e
p
l
a
n
e
,
a
p
a
r
a
l
l
e
l
i
z
e
d
p
e
r
s
p
e
c
t
i
v
e
r
a
y
p
r
o
c
e
e
d
s
i
n
t
h
e
p
r
o
g
r
e
s
s
i
v
e
l
y
s
c
a
l
e
d
g
r
i
d
t
o
c
o
m
p
u
t
e
a
s
a
m
p
l
e
a
t
e
a
c
h
s
l
i
c
e
.
T
h
e
c
o
m
p
u
t
e
d
s
a
m
p
l
e
s
a
r
e
a
c
c
u
m
u
l
a
t
e
d
t
o
p
r
o
-
d
u
c
e
t
h
e
￿
n
a
l
p
i
x
e
l
v
a
l
u
e
i
n
t
h
e
b
a
s
e
p
l
a
n
e
i
m
a
g
e
.
A
r
e
s
a
m
p
l
i
n
g
o
p
e
r
a
t
i
o
n
i
s
a
c
o
n
v
o
l
u
t
i
o
n
o
v
e
r
t
h
e
v
o
x
e
l
s
i
n
a
r
e
s
a
m
p
l
i
n
g
a
r
e
a
.
Base Plane
Eye
Grids
Slice  k
Image
Rays
Parallelized 
Rays
Principal
Transform with
H Matrix
Eye
on screen
Viewing Axis k0
i j
k
x y
z
Equiva-
lent
F
i
g
.
1
S
h
e
a
r
i
n
g
a
n
d
s
c
a
l
i
n
g
i
n
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
s
.
T
h
e
r
e
a
r
e
t
w
o
i
m
p
o
r
t
a
n
t
i
s
s
u
e
s
f
o
r
a
p
a
r
a
l
l
e
l
p
i
p
e
l
i
n
e
d
i
m
p
l
e
m
e
n
t
a
t
i
o
n
,
i
.
e
.
s
y
s
t
o
l
i
c
a
r
r
a
y
,
o
f
t
h
e
m
e
t
h
o
d
:
(
1
)
h
o
w
t
o
b
o
u
n
d
a
n
u
m
b
e
r
o
f
v
o
x
l
e
s
t
o
b
e
c
o
n
v
o
l
u
t
e
d
a
n
d
(
2
)
h
o
w
t
o
o
r
g
a
n
i
z
e
a
c
o
n
-
v
o
l
u
t
i
o
n
.
A
n
u
m
b
e
r
o
f
v
o
x
e
l
s
t
o
b
e
c
o
n
v
o
l
u
t
e
d
i
n
o
n
e
d
i
m
e
n
s
i
o
n
,
M
,
i
s
c
o
m
p
u
t
e
d
b
y
:
M
=
1
+
k
=
k
0
;
(
2
)
w
h
e
r
e
k
y
y
i
s
t
h
e
s
l
i
c
e
n
u
m
b
e
r
o
r
t
h
e
d
i
s
t
a
n
c
e
f
r
o
m
t
h
e
b
a
s
e
p
l
a
n
e
a
n
d
k
0
t
h
e
d
i
s
t
a
n
c
e
b
e
t
w
e
e
n
t
h
e
e
y
e
p
o
-
s
i
t
i
o
n
(
t
h
e
c
e
n
t
e
r
o
f
p
r
o
j
e
c
t
i
o
n
)
a
n
d
t
h
e
b
a
s
e
p
l
a
n
e
a
s
y
A
p
l
a
n
e
t
h
e
m
o
s
t
p
e
r
p
e
n
d
i
c
u
l
a
r
t
o
t
h
e
v
i
e
w
i
n
g
v
e
c
t
o
r
,
w
h
i
c
h
i
n
c
l
u
d
e
s
t
h
e
f
r
o
n
t
f
a
c
e
o
f
t
h
e
v
o
l
u
m
e
.
y
y
W
e
u
s
e
n
o
t
a
t
i
o
n
(
x
;
y
;
z
)
f
o
r
t
h
e
d
a
t
a
s
e
t
d
e
s
c
r
i
p
t
i
o
n
a
n
d
(
i
;
j
;
k
)
f
o
r
t
h
a
t
o
f
t
r
a
n
s
f
o
r
m
e
d
a
s
s
h
o
w
n
i
n
F
i
g
.
1O
G
A
T
A
e
t
a
l
:
3
s
h
o
w
n
i
n
t
h
e
F
i
g
.
1
.
I
t
c
a
n
b
e
a
r
b
i
t
r
a
r
i
l
y
l
a
r
g
e
w
i
t
h
l
a
r
g
e
v
a
l
u
e
s
o
f
k
a
n
d
/
o
r
s
m
a
l
l
v
a
l
u
e
s
o
f
k
0
.
S
i
n
c
e
t
h
e
h
a
r
d
w
a
r
e
i
m
p
l
e
m
e
n
t
a
t
i
o
n
c
a
n
o
n
l
y
u
s
e
a
￿
x
e
d
a
m
o
u
n
t
o
f
r
e
s
o
u
r
c
e
s
f
o
r
c
o
n
v
o
l
u
t
i
o
n
,
i
t
h
a
s
t
o
i
g
n
o
r
e
t
h
e
v
o
x
e
l
s
o
u
t
s
i
d
e
t
h
e
c
o
n
v
o
l
u
t
i
o
n
a
r
e
a
,
p
r
o
d
u
c
i
n
g
a
l
o
w
-
q
u
a
l
i
t
y
o
r
a
l
i
a
s
e
d
b
a
s
e
p
l
a
n
e
i
m
a
g
e
.
T
h
e
c
o
n
v
o
l
u
t
i
o
n
s
t
r
u
c
t
u
r
e
i
s
a
n
o
t
h
e
r
i
s
s
u
e
.
T
h
e
u
n
d
e
r
l
y
i
n
g
a
r
c
h
i
t
e
c
t
u
r
e
p
a
i
r
s
a
m
e
m
o
r
y
m
o
d
u
l
e
a
n
d
a
r
e
n
d
e
r
i
n
g
p
i
p
e
l
i
n
e
s
o
t
h
a
t
e
a
c
h
p
i
p
e
l
i
n
e
c
a
n
t
a
k
e
o
n
e
v
o
x
e
l
a
l
o
n
g
w
i
t
h
n
e
i
g
h
b
o
r
i
n
g
v
o
x
e
l
s
t
h
r
o
u
g
h
s
i
d
e
w
a
y
c
o
m
m
u
n
i
c
a
t
i
o
n
s
a
n
d
p
r
o
d
u
c
e
s
o
n
e
s
a
m
p
l
e
c
o
m
p
u
t
e
d
f
r
o
m
t
h
e
v
o
x
e
l
s
.
I
n
t
h
i
s
s
y
s
t
o
l
i
c
a
r
r
a
y
s
t
r
u
c
t
u
r
e
,
t
h
e
n
u
m
b
e
r
o
f
i
n
p
u
t
s
(
v
o
x
e
l
s
)
i
s
e
q
u
a
l
t
o
t
h
e
n
u
m
b
e
r
o
f
o
u
t
p
u
t
s
(
c
o
m
p
u
t
e
d
s
a
m
p
l
e
s
)
.
T
h
i
s
h
o
l
d
s
f
o
r
p
a
r
a
l
l
e
l
p
r
o
j
e
c
t
i
o
n
s
,
b
u
t
n
o
t
f
o
r
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
s
.
T
h
e
s
e
i
s
s
u
e
s
m
a
k
e
h
a
r
d
t
o
i
m
p
l
e
m
e
n
t
t
h
e
p
a
r
a
l
l
e
l
-
p
i
p
e
l
i
n
e
s
t
r
u
c
t
u
r
e
f
o
r
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
s
a
n
d
h
a
s
b
e
e
n
a
m
a
j
o
r
o
b
s
t
a
c
l
e
f
o
r
h
a
r
d
w
a
r
e
i
m
p
l
e
m
e
n
t
a
t
i
o
n
i
n
t
h
i
s
m
e
t
h
o
d
.
4
.
B
a
s
i
c
I
d
e
a
s
T
h
e
p
a
r
a
l
l
e
l
p
r
o
j
e
c
t
i
o
n
i
s
a
m
e
n
a
b
l
e
t
o
p
a
r
a
l
l
e
l
p
r
o
c
e
s
s
-
i
n
g
b
y
a
s
s
i
g
n
i
n
g
a
s
e
t
o
f
r
e
n
d
e
r
i
n
g
p
i
p
e
l
i
n
e
s
t
o
a
s
e
t
o
f
r
a
y
s
w
i
t
h
o
n
e
t
o
o
n
e
c
o
r
r
e
s
p
o
n
d
i
n
g
a
s
i
l
l
u
s
t
r
a
t
e
d
i
n
F
i
g
.
2
(
a
)
.
I
n
o
r
d
e
r
t
o
o
r
g
a
n
a
i
z
e
r
a
r
a
l
l
e
l
p
i
p
e
l
i
n
e
d
c
o
n
-
v
o
l
u
t
i
o
n
,
t
h
e
n
u
m
b
e
r
o
f
v
o
x
e
l
s
t
o
b
e
c
o
n
v
o
l
u
t
e
d
h
a
s
t
o
b
e
l
i
m
i
t
e
d
.
I
t
i
s
r
e
a
s
o
n
a
b
l
e
t
o
u
s
e
l
o
w
r
e
s
o
l
u
t
i
o
n
d
a
t
a
f
o
r
d
i
s
t
a
n
t
s
a
m
p
l
e
s
s
o
t
h
a
t
s
e
l
e
c
t
i
n
g
a
p
p
r
o
p
r
i
a
t
e
r
e
s
o
l
u
-
t
i
o
n
d
a
t
a
f
r
o
m
m
u
l
t
i
p
l
e
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
,
p
r
e
p
a
r
e
d
i
n
a
d
v
a
n
c
e
,
l
i
m
i
t
s
t
h
e
n
u
m
b
e
r
o
f
v
o
x
e
l
s
t
o
b
e
c
o
n
v
o
l
u
t
e
d
w
i
t
h
i
n
a
l
i
m
i
t
a
s
s
h
o
w
n
i
n
F
i
g
.
2
(
b
)
.
Parallelized rays
Processing 
pipeline
Grid
i
k
j
Convolution
area
(
a
)
S
h
e
a
r
e
d
w
i
t
h
o
u
t
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
.
k
i
j
Low resolution 
data
(
b
)
S
h
e
a
r
e
d
w
i
t
h
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
.
F
i
g
.
2
B
o
u
n
d
i
n
g
t
h
e
n
u
m
b
e
r
o
f
v
o
x
e
l
s
f
o
r
c
o
n
v
o
l
u
t
i
o
n
w
i
t
h
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
.
4
.
1
S
a
m
p
l
e
-
P
a
r
a
l
l
e
l
A
r
c
h
i
t
e
c
t
u
r
e
W
e
s
h
i
f
t
a
f
o
c
u
s
f
r
o
m
v
o
x
e
l
s
t
o
s
a
m
p
l
e
s
a
n
d
r
e
o
r
g
a
n
i
z
e
t
h
e
r
e
n
d
e
r
i
n
g
a
r
c
h
i
t
e
c
t
u
r
e
a
s
a
s
a
m
p
l
e
-
p
a
r
a
l
l
e
l
a
r
c
h
i
t
e
c
-
t
u
r
e
t
o
p
r
o
v
i
d
e
a
u
n
i
￿
e
d
p
a
r
a
l
l
e
l
-
p
i
p
e
l
i
n
e
s
t
r
u
c
t
u
r
e
f
o
r
b
o
t
h
p
a
r
a
l
l
e
l
a
n
d
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
s
.
A
s
s
h
o
w
n
i
n
F
i
g
.
3
,
t
h
e
p
r
o
p
o
s
e
d
a
r
c
h
i
t
e
c
t
u
r
e
p
l
a
c
e
s
a
r
e
s
a
m
p
l
i
n
g
m
o
d
u
l
e
b
e
t
w
e
e
n
t
h
e
v
o
x
e
l
m
e
m
o
r
y
a
n
d
r
e
n
d
e
r
i
n
g
p
i
p
e
l
i
n
e
s
.
T
h
i
s
m
o
d
u
l
e
i
s
s
p
e
c
i
a
l
i
z
e
d
f
o
r
r
e
s
a
m
p
l
i
n
g
w
i
t
h
a
v
a
r
i
a
b
l
e
n
u
m
b
e
r
o
f
v
o
x
e
l
s
i
n
t
h
e
r
e
-
s
a
m
p
l
i
n
g
a
r
e
a
.
A
l
l
t
h
e
c
o
m
p
l
i
c
a
t
e
d
c
o
m
m
u
n
i
c
a
t
i
o
n
a
n
d
i
t
s
c
o
n
t
r
o
l
b
e
t
w
e
e
n
o
t
h
e
r
p
i
p
e
l
i
n
e
s
a
r
e
m
o
v
e
d
f
r
o
m
t
h
e
r
e
n
d
e
r
i
n
g
p
i
p
e
l
i
n
e
s
t
o
t
h
i
s
r
e
s
a
m
p
l
i
n
g
m
o
d
u
l
e
i
n
o
r
d
e
r
t
o
o
r
g
a
n
i
z
e
t
h
e
r
e
n
d
e
r
i
n
g
p
i
p
e
l
i
n
e
s
i
n
a
￿
x
e
d
p
a
r
a
l
l
e
l
-
p
i
p
e
l
i
n
e
s
t
r
u
c
t
u
r
e
.
Voxel Memory  ( Skewed  multi-resolution)
Resampling Module    ( 3D convolution )
Pixel Memory
Rendering Pipelines
MEM:   Memory  Modules
S(r) e
-a(r)
r
MEM MEM MEM MEM
MEM MEM MEM MEM
Warping CRT
F
i
g
.
3
P
r
o
p
o
s
e
d
s
a
m
p
l
e
-
p
a
r
a
l
l
e
l
a
r
c
h
i
t
e
c
t
u
r
e
.
4
.
2
T
r
a
n
s
f
o
r
m
a
t
i
o
n
T
o
e
s
t
i
m
a
t
e
a
s
a
m
p
l
e
,
w
e
u
s
e
f
o
u
r
c
o
o
r
d
i
n
a
t
e
s
y
s
t
e
m
s
a
n
d
t
r
a
n
s
f
o
r
m
a
t
i
o
n
s
b
e
t
w
e
e
n
t
h
e
m
.
T
h
e
t
r
a
n
s
f
o
r
m
e
d
c
o
o
r
d
i
n
a
t
e
s
a
r
e
u
s
e
d
t
o
c
a
l
c
u
l
a
t
e
w
e
i
g
h
t
s
f
o
r
c
o
n
v
o
l
u
-
t
i
o
n
.
T
h
e
f
o
u
r
c
o
o
r
d
i
n
a
t
e
s
y
s
t
e
m
s
a
r
e
t
h
e
n
o
r
m
a
l
i
z
e
d
,
s
h
e
a
r
-
s
h
r
i
n
k
,
s
c
a
l
e
-
u
p
,
a
n
d
c
o
m
p
o
s
i
t
i
n
g
c
o
o
r
d
i
n
a
t
e
s
y
s
-
t
e
m
s
,
a
s
i
l
l
u
s
t
r
a
t
e
d
i
n
F
i
g
.
4
.
T
h
e
n
o
r
m
a
l
i
z
e
d
c
o
o
r
d
i
-
n
a
t
e
s
y
s
t
e
m
d
e
￿
n
e
s
t
h
e
o
r
i
g
i
n
a
l
v
o
x
e
l
g
r
i
d
a
t
s
l
i
c
e
0
.
I
t
i
s
e
q
u
i
v
a
l
e
n
t
t
o
t
h
e
b
a
s
e
p
l
a
n
e
c
o
o
r
d
i
n
a
t
e
s
y
s
t
e
m
.
T
h
e
s
h
e
a
r
-
s
h
r
i
n
k
c
o
o
r
d
i
n
a
t
e
s
y
s
t
e
m
d
e
￿
n
e
s
t
h
e
v
o
x
e
l
g
r
i
d
s
-
h
e
a
r
e
d
a
n
d
s
c
a
l
e
d
b
y
a
s
h
e
a
r
-
s
h
r
i
n
k
m
a
t
r
i
x
.
T
h
e
s
c
a
l
e
-
u
p
c
o
o
r
d
i
n
a
t
e
s
y
s
t
e
m
d
e
￿
n
e
s
a
g
r
i
d
s
c
a
l
e
d
u
p
b
y
a
s
c
a
l
-
i
n
g
f
a
c
t
o
r
D
.
T
h
i
s
i
s
t
h
e
e
￿
e
c
t
o
f
u
s
i
n
g
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
s
;
a
d
a
t
a
s
e
t
c
o
v
e
r
i
n
g
a
l
a
r
g
e
r
a
r
e
a
e
￿
e
c
t
i
v
e
l
y
s
-
c
a
l
e
s
u
p
t
h
e
g
r
i
d
.
T
h
e
c
o
m
p
o
s
i
t
i
n
g
c
o
o
r
d
i
n
a
t
e
s
y
s
t
e
m
d
e
￿
n
e
s
a
p
i
x
e
l
g
r
i
d
w
h
i
c
h
c
o
i
n
c
i
d
e
s
w
i
t
h
t
h
e
o
r
i
g
i
n
a
l
v
o
x
e
l
g
r
i
d
i
n
t
h
e
n
o
r
m
a
l
i
z
e
d
c
o
o
r
d
i
n
a
t
e
s
y
s
t
e
m
.
i
j
k
i
j
k
i
j
k
i
j
k
* Shear &
Shrink
Scale Up 
  with D Floor
 H Matrix
Normalized
   C.S.
Shear-Shrink
     C.S.
Scale-Up
    C.S.
Compositing
         C.S.
! +
(using MRD)
F
i
g
.
4
F
o
u
r
c
o
o
r
d
i
n
a
t
e
s
y
s
t
e
m
s
.
T
h
e
s
e
q
u
e
n
c
e
o
f
t
r
a
n
s
f
o
r
m
a
t
i
o
n
s
f
r
o
m
t
h
e
n
o
r
m
a
l
-
i
z
e
d
c
o
o
r
d
i
n
a
t
e
s
y
s
t
e
m
t
o
t
h
e
c
o
m
p
o
s
i
t
i
n
g
c
o
o
r
d
i
n
a
t
e4
I
E
I
C
E
T
R
A
N
S
.
I
N
F
O
R
M
A
T
I
O
N
S
Y
S
T
E
M
S
,
V
O
L
.
E
0
0
{
A
,
N
O
.
1
J
A
N
U
A
R
Y
1
9
9
9
s
y
s
t
e
m
e
n
t
a
i
l
s
t
h
e
s
e
q
u
e
n
c
e
o
f
g
r
i
d
c
h
a
n
g
e
s
a
s
f
o
l
l
o
w
s
;
1
)
t
r
a
n
s
f
o
r
m
a
g
r
i
d
p
o
i
n
t
a
t
(
i
;
j
;
k
)
i
n
t
h
e
n
o
r
m
a
l
i
z
e
d
c
o
o
r
d
i
n
a
t
e
s
y
s
t
e
m
i
n
t
o
a
g
r
i
d
p
o
i
n
t
a
t
(
i
￿
;
j
￿
;
k
￿
)
b
y
t
h
e
s
h
e
a
r
-
s
h
r
i
n
k
m
a
t
r
i
x
;
2
)
s
c
a
l
e
u
p
t
h
e
g
r
i
d
p
o
i
n
t
a
t
(
i
￿
;
j
￿
;
k
￿
)
u
s
i
n
g
t
h
e
s
-
c
a
l
i
n
g
f
a
c
t
o
r
D
t
o
a
g
r
i
d
p
o
i
n
t
a
t
(
i
y
;
j
y
;
k
y
)
;
3
)
a
p
p
l
y
t
h
e
￿
o
o
r
o
p
e
r
a
t
i
o
n
t
o
t
h
e
g
r
i
d
p
o
s
i
t
i
o
n
(
i
y
;
j
y
;
k
y
)
t
o
g
e
t
t
h
e
￿
n
a
l
p
o
s
i
t
i
o
n
(
^
i
;
^
j
;
^
k
)
.
T
h
e
s
c
a
l
i
n
g
f
a
c
t
o
r
D
i
s
d
e
￿
n
e
d
b
y
D
=
2
L
,
w
h
e
r
e
L
=
b
l
o
g
2
M
c
,
a
n
d
M
i
s
t
h
e
c
o
n
v
o
l
u
t
i
o
n
a
r
e
a
s
i
z
e
i
n
E
q
u
a
-
t
i
o
n
(
2
)
.
T
h
e
r
e
s
u
l
t
i
n
g
p
o
s
i
t
i
o
n
(
^
i
;
^
j
;
^
k
)
a
n
d
(
i
y
;
j
y
;
k
y
)
a
r
e
u
s
e
d
f
o
r
c
a
l
c
u
l
a
t
i
o
n
o
f
c
o
n
v
o
l
u
t
i
o
n
w
e
i
g
h
t
.
4
.
3
R
e
s
a
m
p
l
i
n
g
w
i
t
h
c
o
n
v
o
l
u
t
i
o
n
L
e
t
s
u
p
p
o
s
e
c
o
n
v
o
l
u
t
i
o
n
a
r
e
a
b
e
M
￿
M
￿
M
f
o
r
s
a
m
-
p
l
e
e
s
t
i
m
a
t
i
o
n
.
A
s
a
m
p
l
e
v
a
l
u
e
a
t
p
o
i
n
t
(
^
i
;
^
j
;
^
k
)
a
l
o
n
g
a
p
a
r
a
l
l
e
l
i
z
e
d
r
a
y
i
s
g
i
v
e
n
b
y
f
o
l
l
o
w
i
n
g
3
D
c
o
n
v
o
l
u
t
i
o
n
.
s
^
i
^
j
^
k
=
P
M
￿
1
l
=
0
P
M
￿
1
m
=
0
P
M
￿
1
n
=
0
w
l
m
n
￿
v
i
c
+
l
;
j
c
+
m
;
k
c
+
n
;
(
3
)
w
h
e
r
e
i
c
;
j
c
;
k
c
a
r
e
g
i
v
e
n
b
y
:
i
c
=
i
￿
b
M
2
c
;
j
c
=
j
￿
b
M
2
c
;
k
c
=
k
￿
b
M
2
c
;
a
n
d
v
i
c
+
l
;
j
c
+
m
;
k
c
+
n
i
s
a
v
o
x
e
l
a
d
d
r
e
s
s
e
d
b
y
(
i
c
+
l
;
j
c
+
m
;
k
c
+
n
)
a
n
d
w
l
m
n
i
s
a
c
o
n
v
o
l
u
t
i
o
n
w
e
i
g
h
t
g
i
v
e
n
b
y
:
w
l
m
n
=
W
l
m
n
(
^
i
￿
(
i
c
+
l
)
y
;
^
j
￿
(
j
c
+
m
)
y
;
;
^
k
￿
(
k
c
+
n
)
y
)
:
I
f
w
e
a
s
s
u
m
e
s
e
p
a
r
a
b
l
e
w
e
i
g
h
t
s
w
l
m
n
,
i
.
e
.
w
l
m
n
=
w
n
w
m
w
l
,
t
h
e
n
E
q
u
a
t
i
o
n
(
3
)
c
a
n
b
e
t
r
a
n
s
f
o
r
m
e
d
i
n
t
o
E
q
u
a
t
i
o
n
(
4
)
.
s
^
i
^
j
^
k
=
P
M
￿
1
n
=
0
w
n
P
M
￿
1
m
=
0
w
m
P
M
￿
1
l
=
0
w
l
￿
v
i
c
+
l
;
j
c
+
m
;
k
c
+
n
;
(
4
)
w
h
e
r
e
w
l
,
w
m
,
a
n
d
w
n
a
r
e
w
e
i
g
h
t
s
g
i
v
e
n
b
y
:
w
l
=
W
l
(
^
i
￿
(
i
c
+
l
)
y
)
;
w
m
=
W
m
(
^
j
￿
(
j
c
+
m
)
y
)
;
w
n
=
W
n
(
^
k
￿
(
k
c
+
n
)
y
)
:
(
5
)
T
h
i
s
a
s
s
u
m
p
t
i
o
n
i
s
r
e
a
s
o
n
a
b
l
e
a
n
d
u
s
e
f
u
l
f
o
r
t
h
e
i
m
-
p
l
e
m
e
n
t
a
t
i
o
n
o
f
3
D
c
o
n
v
o
l
u
t
i
o
n
.
F
o
r
e
x
a
m
p
l
e
,
3
D
L
a
-
g
r
a
n
g
e
i
n
t
e
r
p
o
l
a
t
i
o
n
f
o
r
m
u
l
a
a
n
d
a
3
D
S
i
n
c
f
u
n
c
t
i
o
n
a
r
e
s
e
p
a
r
a
b
l
e
a
n
d
b
e
l
o
n
g
s
t
o
t
h
i
s
c
a
t
e
g
o
r
y
.
B
y
u
s
i
n
g
s
e
p
a
r
a
b
l
e
w
e
i
g
h
t
,
t
h
e
3
D
c
o
n
v
o
l
u
t
i
o
n
c
a
n
b
e
i
m
p
l
e
m
e
n
t
-
e
d
u
s
i
n
g
s
e
r
i
e
s
o
f
1
D
c
o
n
v
o
l
u
t
i
o
n
.
T
h
i
s
i
m
p
l
e
m
e
n
t
a
t
i
o
n
u
s
e
s
3
M
c
a
l
c
u
l
a
t
i
o
n
u
n
i
t
s
,
i
.
e
.
m
u
l
t
i
p
l
i
e
r
a
n
d
a
d
d
e
r
,
i
n
s
t
e
a
d
o
f
M
3
f
o
r
o
r
d
i
n
a
r
y
3
D
c
o
n
v
o
l
u
t
i
o
n
.
4
.
4
P
a
r
a
l
l
e
l
P
i
p
e
l
i
n
e
d
C
o
n
v
o
l
u
t
i
o
n
f
o
r
a
s
p
e
c
i
a
l
c
a
s
e
F
i
g
.
5
i
l
l
u
s
t
r
a
t
e
s
a
n
i
m
p
l
e
m
e
n
t
a
t
i
o
n
o
f
p
a
r
a
l
l
e
l
p
i
p
e
l
i
n
e
d
c
o
n
v
o
l
u
t
i
o
n
w
i
t
h
3
￿
3
￿
3
a
r
e
a
,
b
a
s
e
d
o
n
E
q
u
a
t
i
o
n
s
(
4
)
a
n
d
(
5
)
.
T
h
e
i
n
d
u
c
t
i
o
n
o
f
t
h
e
s
t
r
u
c
t
u
r
e
i
s
d
e
s
c
r
i
b
e
d
i
n
A
p
p
e
n
d
i
x
A
.
T
h
e
￿
g
u
r
e
s
h
o
w
s
a
s
p
e
c
i
a
l
c
a
s
e
:
t
h
e
d
a
t
a
s
e
t
s
i
z
e
i
n
o
n
e
d
i
m
e
n
s
i
o
n
i
s
e
q
u
a
l
t
o
t
h
e
n
u
m
b
e
r
o
f
p
r
o
c
e
s
s
i
n
g
p
i
p
e
l
i
n
e
s
.
I
n
t
h
e
￿
g
u
r
e
(
a
)
,
t
h
e
c
o
n
v
o
l
u
t
i
o
n
h
a
s
t
w
o
t
y
p
e
s
o
f
d
a
t
a
p
a
t
h
;
t
h
e
s
o
l
i
d
l
i
n
e
s
h
o
w
s
d
a
t
a
p
a
t
h
o
f
v
o
x
e
l
s
a
n
d
d
o
t
t
e
d
l
i
n
e
s
h
o
w
s
t
h
a
t
o
f
s
h
e
a
r
e
d
p
o
s
i
t
i
o
n
.
I
n
e
a
c
h
d
a
t
a
p
a
t
h
,
o
p
e
r
a
t
i
o
n
s
a
r
e
d
i
v
i
d
e
d
i
n
t
o
t
h
r
e
e
g
r
o
u
p
s
:
o
n
e
g
r
o
u
p
f
o
r
t
h
e
i
,
t
h
e
n
e
x
t
f
o
r
t
h
e
j
,
a
n
d
t
h
e
l
a
s
t
f
o
r
t
h
e
k
-
d
i
r
e
c
t
i
o
n
.
I
n
j
-
d
i
r
e
c
t
i
o
n
1
D
c
o
n
v
o
l
u
t
i
o
n
,
i
t
h
a
s
j
-
d
e
l
a
y
t
o
a
d
j
u
s
t
t
i
m
i
n
g
o
f
n
e
x
t
s
c
a
n
l
i
n
e
v
o
x
e
l
s
.
I
n
k
-
d
i
r
e
c
t
i
o
n
1
D
c
o
n
v
o
l
u
t
i
o
n
,
i
t
h
a
s
k
-
d
e
l
a
y
t
o
a
d
j
u
s
t
t
i
m
i
n
g
o
f
n
e
x
t
s
l
i
c
e
o
f
v
o
x
l
e
s
.
I
n
F
i
g
.
5
(
b
)
,
h
o
w
t
o
a
c
c
e
s
s
a
l
l
t
h
e
v
o
x
e
l
s
w
i
t
h
a
s
e
t
o
f
p
i
p
e
l
i
n
e
s
i
n
s
e
q
u
e
n
t
i
a
l
m
a
n
n
e
r
i
s
s
h
o
w
n
.
F
i
g
.
5
(
c
)
i
l
l
u
s
t
r
a
t
e
s
g
e
-
o
m
e
t
r
i
c
a
l
r
e
l
a
t
i
o
n
b
e
t
w
e
e
n
s
h
e
a
r
e
d
p
o
s
i
t
i
o
n
s
a
n
d
o
r
i
g
i
-
n
a
l
p
o
s
i
t
i
o
n
s
o
n
a
s
l
i
c
e
.
T
h
e
d
i
￿
r
e
n
c
e
b
e
t
w
e
e
n
o
r
i
g
i
n
a
l
p
o
s
i
t
i
o
n
a
n
d
s
h
e
a
r
e
d
p
o
s
i
t
i
o
n
,
￿
i
i
s
u
s
e
d
f
o
r
g
e
n
e
r
a
t
i
n
g
c
o
n
v
o
l
u
t
i
o
n
w
e
i
g
h
t
f
o
r
e
a
c
h
d
i
r
e
c
t
i
o
n
.
F
i
g
.
5
(
d
)
i
l
l
u
s
-
t
r
a
t
e
s
d
a
t
a
￿
o
w
s
o
f
a
n
a
r
i
t
h
m
e
t
i
c
u
n
i
t
f
o
r
i
-
d
i
r
e
c
t
i
o
n
1
D
c
o
n
v
o
l
u
t
i
o
n
i
n
F
i
g
.
5
(
a
)
.
F
o
r
j
a
n
d
k
-
d
e
r
e
c
t
i
o
n
1
D
c
o
n
v
o
l
u
t
i
o
n
,
(
^
j
￿
m
y
)
a
n
d
(
^
k
￿
n
y
)
a
r
e
u
s
e
d
t
o
c
a
l
c
u
l
a
t
e
w
e
i
g
h
t
s
r
e
s
p
e
c
t
i
v
e
l
y
.
T
a
b
l
e
1
s
h
o
w
s
s
e
v
e
r
a
l
s
n
a
p
s
h
o
t
s
o
f
t
h
e
p
i
p
e
l
i
n
e
o
p
-
e
r
a
t
i
o
n
s
o
f
t
h
e
1
D
c
o
n
v
o
l
u
t
i
o
n
f
o
r
t
h
e
i
-
d
i
r
e
c
t
i
o
n
i
n
F
i
g
.
5
(
a
)
.
I
n
t
h
i
s
e
x
a
m
p
l
e
,
o
n
e
s
l
i
c
e
o
f
4
￿
4
v
o
x
e
l
s
i
s
u
s
e
d
a
s
i
n
p
u
t
f
o
r
e
a
c
h
p
i
p
l
i
n
e
,
s
e
e
F
i
g
.
5
(
b
)
.
T
h
e
t
a
b
l
e
s
h
o
w
s
t
h
a
t
t
h
e
4
r
e
s
u
l
t
s
o
f
1
D
c
o
n
v
o
l
u
t
i
o
n
a
r
e
g
e
n
e
r
a
t
e
d
s
i
m
u
l
t
a
n
e
o
u
s
l
y
,
s
e
e
t
i
m
e
-
5
a
t
l
o
c
a
t
i
o
n
W
2
￿
c
i
n
t
h
e
t
a
b
l
e
.
S
n
a
p
s
h
o
t
s
f
o
r
w
h
o
l
e
p
i
p
e
l
i
n
e
o
p
e
r
a
t
i
o
n
s
c
a
n
b
e
i
n
d
u
c
e
d
f
r
o
m
t
h
e
s
n
a
p
s
h
o
t
s
i
n
T
a
b
l
e
1
.
B
e
c
a
u
s
e
t
h
e
1
D
c
o
n
v
o
l
u
t
i
o
n
s
t
r
u
c
t
u
r
e
f
o
r
t
h
e
j
a
n
d
k
-
d
i
r
e
c
t
i
o
n
i
s
s
i
m
i
l
a
r
t
o
t
h
a
t
o
f
i
-
d
i
r
e
c
t
i
o
n
,
b
u
t
h
a
v
i
n
g
d
i
￿
e
r
e
n
t
t
i
m
e
d
e
l
a
y
s
d
u
e
t
o
t
h
e
d
i
￿
e
r
e
n
t
t
i
m
i
n
g
o
f
n
e
i
g
h
b
o
r
i
n
g
v
o
x
e
l
s
i
n
t
h
e
j
a
n
d
k
-
d
i
r
e
c
t
i
o
n
s
.
4
.
5
S
e
l
e
c
t
i
n
g
M
u
l
t
i
-
R
e
s
o
l
u
t
i
o
n
D
a
t
a
s
e
t
s
T
h
e
u
s
e
o
f
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
s
c
a
n
r
e
d
u
c
e
t
h
e
n
u
m
b
e
r
o
f
v
o
x
e
l
s
r
e
q
u
i
r
e
d
f
o
r
c
o
n
v
o
l
u
t
i
o
n
.
B
y
s
e
l
e
c
t
-
i
n
g
a
n
a
p
p
r
o
p
r
i
a
t
e
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
d
e
p
e
n
d
i
n
g
o
n
t
h
e
r
e
s
o
l
u
t
i
o
n
o
f
t
h
e
s
c
a
l
e
d
v
o
x
e
l
g
r
i
d
,
t
h
e
a
r
c
h
i
-
t
e
c
t
u
r
e
c
a
n
a
l
w
a
y
s
u
s
e
a
b
o
u
n
d
e
d
n
u
m
b
e
r
o
f
v
o
x
e
l
s
f
o
r
r
e
s
a
m
p
l
i
n
g
r
e
g
a
r
d
l
e
s
s
o
f
t
h
e
d
e
p
t
h
.
I
t
i
s
a
3
D
v
e
r
s
i
o
n
o
f
t
h
e
m
i
p
-
m
a
p
p
i
n
g
s
c
h
e
m
e
f
o
r
t
e
x
t
u
r
e
m
a
p
p
i
n
g
[
1
4
]
.
T
h
e
m
e
m
o
r
y
o
v
e
r
h
e
a
d
t
o
s
t
o
r
e
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
s
f
o
r
a
v
o
l
u
m
e
o
f
s
i
z
e
V
3
i
s
l
e
s
s
t
h
a
n
V
3
=
7
,
w
h
i
c
h
i
s
n
o
t
c
o
n
s
i
d
e
r
e
d
a
v
e
r
y
l
a
r
g
e
o
v
e
r
h
e
a
d
.
T
h
e
r
e
s
o
l
u
t
i
o
n
l
e
v
e
l
i
s
a
n
i
n
d
i
c
a
t
o
r
o
f
t
h
e
c
o
n
v
o
l
u
-
t
i
o
n
a
r
e
a
s
i
z
e
a
t
e
a
c
h
s
l
i
c
e
i
n
t
h
e
p
r
o
g
r
e
s
s
i
v
e
l
y
s
c
a
l
e
d
v
o
x
e
l
g
r
i
d
t
o
c
h
o
o
s
e
a
n
a
p
p
r
o
p
r
i
a
t
e
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
.
T
h
e
p
o
w
e
r
-
o
f
-
2
-
b
a
s
e
d
r
e
s
o
l
u
t
i
o
n
l
e
v
e
l
L
i
s
g
i
v
-
e
n
b
y
:O
G
A
T
A
e
t
a
l
:
5
From
 W1
0
1
2
0
1
2
0
1
2
0
1
2
W W W
W
W
W
W
W
W W
W
W
i
-
d
i
r
e
c
t
i
o
n
1
D
 
C
o
n
v
o
l
v
e
r
To 
W1
To
 W2
From
 W0
0 0 0 0
v000
v310
v130
v100
v010
v320
v230
v200
v110
v020
v330 v220
v300
v 210
v120
v030
i,j,k
^^^
i,j,k
3
4
5
3
4
5
3
4
5
3
4
5
W W
W W W W
W W
WWW W
j
-
d
i
r
e
c
t
i
o
n
1
D
 
C
o
n
v
o
l
u
t
i
o
n
0 0 0 0
1D 1D 1D 1D
1D 1D 1D 1D
To 
W4
To 
W5
From
 W3
From
 W5
6
7
8
6
7
8
6
7
8
6
7
8
W W
W W W W
W W
WWW W
k
-
d
i
r
e
c
t
i
o
n
1
D
 
C
o
n
v
o
l
u
t
i
o
n
0 0 0 0
4D 4D 4D 4D
4D 4D 4D 4D
To 
W7
To 
W8
From
 W6
From
 W7
; N delay N D Arithmetic unit j or k-delay
(
a
)
A
p
a
r
a
l
l
e
l
p
i
p
e
l
i
n
e
d
c
o
n
v
o
l
u
t
i
o
n
.
Partial
order
processing
k
i
j
i
j
Rays
Skewed memory 
Time1
T2
T3
T4
P0
P2
P3
P1 P2 P3
(
b
)
S
e
q
u
e
n
t
i
a
l
a
c
c
e
s
s
o
f
v
o
x
e
l
s
t
o
b
e
u
s
e
d
f
o
r
e
a
c
h
p
i
p
e
l
i
n
e
.
i
j d1
d2
d 3
d
d d
4
5 6 X
X
X
X X
X X
X XX X
X X X X
X
Wi = w ( d   )
i
v v v v
v vv v
v v v v
vv v
000 100 200 300
010 110 210 310
020 120 220 320
130 230 330 v030
1
0
(
c
)
O
n
e
s
l
i
c
e
d
a
t
a
o
f
v
o
l
u
m
e
f
o
r
c
o
n
v
o
l
u
t
i
o
n
i
n
p
u
t
.
A
a
B
b
C
D
d
c  Register
(
d
)
A
n
a
r
i
t
h
m
e
t
i
c
u
n
i
t
i
n
t
h
e
p
i
p
e
l
i
n
e
d
c
o
n
v
o
l
u
t
i
o
n
.
X
:
G
r
i
d
d
a
t
a
i
n
S
c
a
l
e
-
U
p
c
o
o
r
d
i
n
a
t
e
s
.
(
v
0
0
0
￿
v
3
3
0
)
￿
G
r
i
d
d
a
t
a
i
n
C
o
m
-
p
o
s
i
t
i
n
g
c
o
o
r
d
i
n
a
t
e
s
.
￿
￿
R
e
s
a
m
p
l
i
n
g
g
r
i
d
(
^
i
;
^
j
;
^
k
)
!
A
!
a
(
l
y
;
m
y
;
n
y
)
!
B
!
b
v
i
;
j
;
k
!
C
v
l
;
m
;
n
!
D
!
d
w
(
^
i
￿
i
y
)
!
W
C
+
W
D
!
c
F
i
g
.
5
3
￿
3
￿
3
p
i
p
e
l
i
n
e
d
3
D
c
o
n
v
o
l
u
t
i
o
n
w
i
t
h
f
o
u
r
p
i
p
e
l
i
n
e
s
f
o
r
a
s
p
e
c
i
a
l
c
a
s
e
:
V
=
N
P
=
4
.
T
a
b
l
e
1
S
n
a
p
s
h
o
t
s
o
f
d
a
t
a
￿
o
w
i
n
1
D
c
o
n
v
o
l
u
t
i
o
n
s
.
T
h
e
d
a
t
a
￿
o
w
f
o
r
i
-
d
i
r
e
c
t
i
o
n
i
s
s
h
o
w
n
.
T
i
m
e
L
o
c
a
t
i
o
n
P
i
p
e
0
P
i
p
e
1
P
i
p
e
2
P
i
p
e
3
1
W
0
￿
D
v
0
0
0
v
1
0
0
v
2
0
0
v
3
0
0
W
0
￿
c
(
￿
;
￿
;
￿
)
(
￿
;
￿
;
￿
)
(
￿
;
￿
;
￿
)
(
￿
;
￿
;
￿
)
2
W
0
￿
D
v
3
1
0
v
0
1
0
v
1
1
0
v
2
1
0
W
0
￿
c
(
v
0
0
0
;
0
;
0
)
(
v
1
0
0
;
0
;
0
)
(
v
2
0
0
;
0
;
0
)
(
v
3
0
0
;
0
;
0
)
W
1
￿
c
(
￿
;
￿
;
￿
)
(
￿
;
￿
;
￿
)
(
￿
;
￿
;
￿
)
(
￿
;
￿
;
￿
)
3
W
0
￿
D
v
2
2
0
v
3
2
0
v
0
2
0
v
1
2
0
W
0
￿
c
(
v
3
1
0
;
0
;
0
)
(
v
0
1
0
;
0
;
0
)
(
v
1
1
0
;
0
;
0
)
(
v
2
1
0
;
0
;
0
)
W
1
￿
c
(
v
0
0
0
;
v
1
0
0
;
0
)
(
v
1
0
0
;
v
2
0
0
;
0
)
(
v
2
0
0
;
v
3
0
0
;
0
)
(
v
3
0
0
;
v
0
0
0
;
0
)
W
2
￿
c
(
￿
;
￿
;
￿
)
(
￿
;
￿
;
￿
)
(
￿
;
￿
;
￿
)
(
￿
;
￿
;
￿
)
4
W
0
￿
D
v
1
3
0
v
2
3
0
v
3
3
0
v
0
3
0
W
0
￿
c
(
v
2
2
0
;
0
;
0
)
(
v
3
2
0
;
0
;
0
)
(
v
0
2
0
;
0
;
0
)
(
v
1
2
0
;
0
;
0
)
W
1
￿
c
(
v
3
1
0
;
v
0
1
0
;
0
)
(
v
0
1
0
;
v
1
1
0
;
0
)
(
v
1
1
0
;
v
2
1
0
;
0
)
(
v
2
1
0
;
v
3
1
0
;
0
)
W
2
￿
c
(
v
0
0
0
;
v
1
0
0
;
v
2
0
0
)
(
v
1
0
0
;
v
2
0
0
;
v
3
0
0
)
(
v
2
0
0
;
v
3
0
0
;
v
0
0
0
)
(
v
3
0
0
;
v
0
0
0
;
v
1
0
0
)
5
W
0
￿
D
v
0
0
1
v
1
0
1
v
2
0
1
v
3
0
1
W
0
￿
c
(
v
1
3
0
;
0
;
0
)
(
v
2
3
0
;
0
;
0
)
(
v
3
3
0
;
0
;
0
)
(
v
0
3
0
;
0
;
0
)
W
1
￿
c
(
v
2
2
0
;
v
3
2
0
;
0
)
(
v
3
2
0
;
v
0
2
0
;
0
)
(
v
0
2
0
;
v
1
2
0
;
0
)
(
v
1
2
0
;
v
2
2
0
;
0
)
W
2
￿
c
(
v
3
1
0
;
v
0
1
0
;
v
1
1
0
)
(
v
0
1
0
;
v
1
1
0
;
v
2
1
0
)
(
v
1
1
0
;
v
2
1
0
;
v
3
1
0
)
(
v
2
1
0
;
v
3
1
0
;
v
0
1
0
)
(
p
;
q
;
r
)
=
p
W
1
+
q
W
2
+
r
W
3
L
=
b
l
o
g
2
M
c
;
(
6
)
w
h
e
r
e
M
i
s
t
h
e
c
o
n
v
o
l
u
t
i
o
n
a
r
e
a
s
i
z
e
i
n
E
q
u
a
t
i
o
n
(
2
)
.
T
h
e
s
c
a
l
i
n
g
f
a
c
t
o
r
D
i
s
d
e
￿
n
e
d
b
y
D
=
2
L
.
T
h
e
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
,
v
i
;
j
;
k
,
f
o
r
c
o
n
v
o
l
u
t
i
o
n
a
r
e
s
p
e
c
-
i
￿
e
d
b
y
t
h
e
l
o
g
i
c
a
l
a
d
d
r
e
s
s
(
L
;
b
i
=
D
c
;
b
j
=
D
c
;
b
k
=
D
c
)
.6
I
E
I
C
E
T
R
A
N
S
.
I
N
F
O
R
M
A
T
I
O
N
S
Y
S
T
E
M
S
,
V
O
L
.
E
0
0
{
A
,
N
O
.
1
J
A
N
U
A
R
Y
1
9
9
9
N
o
t
e
t
h
a
t
t
h
e
i
r
g
e
o
m
e
t
r
i
c
a
l
p
o
s
i
t
i
o
n
s
a
r
e
g
i
v
e
n
b
y
(
i
y
;
j
y
;
k
y
)
.
4
.
6
M
u
l
t
i
-
R
e
s
o
l
u
t
i
o
n
S
k
e
w
e
d
M
e
m
o
r
y
O
r
g
a
n
i
z
a
t
i
o
n
T
h
e
s
k
e
w
e
d
m
e
m
o
r
y
o
r
g
a
n
i
z
a
t
i
o
n
i
s
a
t
e
c
h
n
i
q
u
e
t
o
s
-
t
o
r
e
v
o
x
e
l
s
i
n
s
e
p
a
r
a
t
e
m
e
m
o
r
y
m
o
d
u
l
e
s
s
o
t
h
a
t
v
o
x
e
l
s
i
n
a
s
l
i
c
e
c
a
n
b
e
a
c
c
e
s
s
e
d
i
n
p
a
r
a
l
l
e
l
w
i
t
h
o
u
t
a
n
y
m
e
m
-
o
r
y
c
o
n
￿
i
c
t
r
e
g
a
r
d
l
e
s
s
o
f
t
h
e
v
i
e
w
i
n
g
d
i
r
e
c
t
i
o
n
[
3
]
.
I
t
d
o
e
s
n
o
t
r
e
q
u
i
r
e
m
u
l
t
i
p
l
e
v
o
l
u
m
e
c
o
p
i
e
s
.
T
h
e
p
r
o
p
o
s
e
d
a
r
c
h
i
t
e
c
t
u
r
e
u
s
e
s
i
t
t
o
s
t
o
r
e
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
s
.
C
o
n
s
i
d
e
r
a
s
y
s
t
e
m
w
i
t
h
N
p
r
e
n
d
e
r
i
n
g
p
i
p
e
l
i
n
e
s
f
o
r
a
v
o
l
u
m
e
o
f
s
i
z
e
V
3
.
A
l
o
g
i
c
a
l
m
e
m
o
r
y
a
d
d
r
e
s
s
f
o
r
t
h
e
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
s
k
e
w
e
d
m
e
m
o
r
y
i
s
s
p
e
c
i
￿
e
d
b
y
(
L
;
i
;
j
;
k
)
,
w
h
e
r
e
L
i
s
t
h
e
r
e
s
o
l
u
t
i
o
n
l
e
v
e
l
.
E
a
c
h
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
c
a
n
b
e
s
t
o
r
e
d
i
n
t
h
e
s
k
e
w
e
d
m
e
m
o
r
y
a
s
i
f
i
t
w
e
r
e
a
n
o
r
i
g
i
n
a
l
v
o
l
u
m
e
d
a
t
a
s
e
t
.
L
e
t
n
p
b
e
a
m
e
m
o
r
y
m
o
d
u
l
e
n
u
m
b
e
r
,
L
b
e
a
r
e
s
-
o
l
u
t
i
o
n
l
e
v
e
l
i
n
t
h
e
m
o
d
u
l
e
,
a
n
d
i
p
b
e
a
n
i
n
d
e
x
i
n
t
h
e
m
o
d
u
l
e
,
t
h
e
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
a
r
e
a
c
c
e
s
s
e
d
w
i
t
h
t
h
e
p
h
y
s
i
c
a
l
a
d
d
r
e
s
s
(
n
p
;
L
;
i
p
)
g
i
v
e
n
b
y
t
h
e
f
o
l
l
o
w
i
n
g
a
d
-
d
r
e
s
s
i
n
g
s
c
h
e
m
e
:
n
p
=
m
m
o
d
N
p
;
(
7
)
i
p
=
b
m
=
N
p
c
+
j
0
V
0
=
N
p
+
k
0
V
0
2
=
N
p
;
(
8
)
w
h
e
r
e
i
0
=
b
i
D
c
;
j
0
=
b
j
D
c
;
k
0
=
b
k
D
c
;
V
0
=
b
V
D
c
;
m
=
(
i
0
+
j
0
+
k
0
)
m
o
d
V
0
:
(
9
)
5
.
P
r
o
p
o
s
e
d
A
r
c
h
i
t
e
c
t
u
r
e
5
.
1
P
i
p
e
l
i
n
e
d
C
o
n
v
o
l
u
t
i
o
n
f
o
r
a
g
e
n
e
r
a
l
c
a
s
e
.
F
i
g
.
5
i
n
t
h
e
p
r
e
v
i
o
u
s
s
e
c
t
i
o
n
s
h
o
w
s
t
h
e
3
D
c
o
n
v
o
l
u
t
i
o
n
f
o
r
a
s
p
e
c
i
a
l
c
a
s
e
V
=
N
p
=
4
,
w
h
e
r
e
V
i
s
a
s
i
z
e
o
f
d
a
t
a
s
e
t
i
n
o
n
e
d
i
m
e
n
s
i
o
n
a
n
d
N
p
i
s
a
n
u
m
b
e
r
o
f
p
r
o
-
c
e
s
s
i
n
g
p
i
p
e
l
i
n
e
s
.
I
n
g
e
n
e
r
a
l
,
V
i
s
e
q
u
a
l
t
o
o
r
g
r
e
a
t
e
r
t
h
a
n
N
p
.
B
y
f
o
l
d
i
n
g
a
s
t
r
i
n
g
o
f
v
o
x
e
l
w
i
t
h
N
P
v
o
x
e
l
s
,
t
h
e
s
e
t
o
f
p
i
p
e
l
i
n
e
s
c
a
n
a
c
c
e
s
s
a
s
t
r
i
n
g
o
f
v
o
x
e
l
s
r
e
p
e
a
t
-
e
d
l
y
.
F
i
g
.
6
s
h
o
w
s
f
o
l
d
i
n
g
t
h
e
s
t
r
i
n
g
o
f
v
o
x
e
l
s
w
i
t
h
4
p
i
p
e
l
i
n
e
s
f
o
r
V
3
d
a
t
a
s
e
t
.
i
j
Time  1 Time  2 Time    V/4 
Time   V/4 + 1
Time   2*V/4 + 1
Time   V/4 + 2 Time   2*V/4 
N  = 4 p
V  voxels
Time   3*V/4 
F
i
g
.
6
F
o
l
d
i
n
g
a
s
t
r
i
n
g
o
f
v
o
x
e
l
s
w
i
t
h
N
P
=
4
f
o
r
a
d
a
t
a
d
i
m
e
n
s
i
o
n
V
w
h
i
c
h
i
s
g
r
e
a
t
e
r
t
h
a
n
4
.
T
h
e
f
o
l
d
i
n
g
s
c
h
e
m
e
r
e
q
u
e
s
t
s
a
n
o
t
h
e
r
d
e
l
a
y
e
l
e
-
m
e
n
t
s
i
n
t
h
e
a
r
c
h
i
t
e
c
t
u
r
e
.
T
h
o
s
e
a
r
e
:
f
o
l
d
i
n
g
-
d
e
l
a
y
s
,
l
e
f
t
-
f
o
l
d
i
n
g
-
d
e
l
a
y
s
a
n
d
s
e
l
e
c
t
o
r
s
.
F
i
g
.
7
i
l
l
u
s
t
r
a
t
e
s
d
e
r
i
v
a
t
i
o
n
o
f
t
h
e
s
e
e
l
e
m
e
n
t
s
a
n
d
t
h
e
i
r
c
o
n
t
r
o
l
.
I
n
t
h
e
￿
g
u
r
e
,
d
e
r
i
v
a
t
i
o
n
o
f
t
i
m
e
d
e
l
a
y
f
o
r
t
h
e
c
a
s
e
o
f
V
=
8
a
n
d
N
P
=
4
i
s
s
h
o
w
n
.
F
i
g
.
7
(
a
)
s
h
o
w
s
a
n
a
i
v
e
i
m
p
l
e
m
e
n
-
t
a
t
i
o
n
,
i
.
e
.
n
o
f
o
l
d
i
n
g
.
F
i
g
.
7
(
b
)
i
l
l
u
s
t
r
a
t
e
s
d
u
m
m
y
t
i
m
e
-
s
l
o
t
s
g
e
n
e
r
a
t
e
d
f
o
r
f
o
l
d
i
n
g
.
T
h
e
i
n
p
u
t
t
i
m
i
n
g
o
f
t
h
e
l
e
f
t
h
a
l
f
v
o
x
e
l
s
i
s
o
n
e
u
n
i
t
t
i
m
e
e
a
r
l
y
t
o
t
h
e
r
i
g
h
t
o
n
e
.
T
o
c
o
m
p
e
n
s
a
t
e
t
h
i
s
t
i
m
i
n
g
m
i
s
m
a
t
c
h
,
d
e
l
a
y
u
n
i
t
s
a
r
e
u
s
e
d
.
F
i
g
7
(
c
)
s
h
o
w
s
t
h
a
t
t
h
e
d
u
m
m
y
t
i
m
e
s
l
o
t
s
a
r
e
￿
l
l
e
d
b
y
f
o
l
d
i
n
g
.
B
y
t
h
i
s
f
o
l
d
i
n
g
,
t
h
e
r
e
i
s
n
o
w
a
s
t
e
d
t
i
m
e
s
l
o
t
s
.
A
s
a
r
e
s
u
l
t
o
f
t
h
e
d
e
r
i
v
a
t
i
o
n
,
w
e
c
a
n
s
e
e
t
h
a
t
t
h
e
t
i
m
e
d
e
l
a
y
f
o
r
f
o
l
d
i
n
g
-
d
e
l
a
y
s
i
s
a
l
w
a
y
s
1
u
n
i
t
t
i
m
e
r
e
g
a
r
d
l
e
s
s
o
f
V
,
o
n
t
h
e
c
o
n
t
r
a
r
y
t
h
a
t
o
f
l
e
f
t
-
f
o
l
d
i
n
g
-
d
e
l
a
y
s
i
s
V
=
N
P
.
U
s
i
n
g
t
h
e
s
e
a
d
d
i
t
i
o
n
a
l
d
e
l
a
y
e
l
e
m
e
n
t
s
a
n
d
c
o
n
t
r
o
l
s
,
F
i
g
.
5
c
a
n
b
e
e
x
t
e
n
d
e
d
t
o
3
D
c
o
n
v
o
l
u
t
i
o
n
f
o
r
a
g
e
n
e
r
a
l
c
a
s
e
.
F
i
g
.
8
s
h
o
w
s
a
b
l
o
c
k
d
i
a
g
r
a
m
o
f
3
D
c
o
n
v
o
l
u
t
i
o
n
f
o
r
t
h
e
g
e
n
e
r
a
l
c
a
s
e
:
V
>
=
N
p
a
n
d
N
p
=
4
.
T
h
e
s
t
r
u
c
t
u
r
e
i
s
a
d
i
r
e
c
t
e
x
t
e
n
s
i
o
n
f
r
o
m
3
D
c
o
n
v
o
l
u
t
i
o
n
i
n
F
i
g
.
5
.
I
n
t
h
e
s
t
r
u
c
t
u
r
e
,
t
h
e
j
-
d
e
l
a
y
o
f
V
=
4
i
s
u
s
e
d
t
o
a
d
j
u
s
t
t
i
m
e
d
e
l
a
y
f
o
r
v
o
x
e
l
s
i
n
a
n
e
x
t
s
c
a
n
l
i
n
e
,
a
n
d
t
h
e
k
-
d
e
l
a
y
o
f
V
2
=
4
f
o
r
a
n
e
x
t
s
l
i
c
e
o
f
v
o
x
e
l
s
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
s
t
r
u
c
-
t
u
r
e
h
a
s
f
o
l
d
i
n
g
-
d
e
l
a
y
s
a
n
d
l
e
f
t
-
f
o
l
d
i
n
g
-
d
e
l
a
y
s
t
o
c
o
m
-
p
e
n
s
a
t
e
t
i
m
e
d
e
l
a
y
c
a
u
s
e
d
b
y
f
o
l
d
i
n
g
a
s
d
e
s
c
r
i
b
e
d
i
n
F
i
g
.
7
.
I
n
s
u
m
m
a
r
y
,
t
h
e
n
u
m
b
e
r
o
f
d
e
l
a
y
t
i
m
e
f
o
r
g
e
n
e
r
-
a
l
c
a
s
e
w
i
t
h
N
P
p
i
p
e
l
i
n
e
s
i
s
s
h
o
w
n
i
n
T
a
b
l
e
2
.
I
t
i
s
a
c
t
u
a
l
l
y
c
o
n
￿
g
u
r
e
d
a
s
a
v
a
r
i
a
b
l
e
d
e
l
a
y
e
l
e
m
e
n
t
f
o
r
d
-
i
￿
e
r
e
n
t
r
e
s
o
l
u
t
i
o
n
l
e
v
e
l
s
i
n
a
d
a
p
t
i
v
e
p
r
o
c
e
s
s
i
n
g
.
F
o
r
a
g
i
v
e
n
s
c
a
l
i
n
g
f
a
c
t
o
r
D
,
r
e
p
r
e
s
e
n
t
i
n
g
a
r
e
s
o
l
u
t
i
o
n
l
e
v
e
l
,
t
h
e
d
e
l
a
y
e
l
e
m
e
n
t
c
a
u
s
e
s
a
d
e
l
a
y
o
f
(
V
=
D
)
=
4
f
o
r
j
-
d
e
l
a
y
a
n
d
(
V
=
D
)
2
=
4
f
o
r
k
-
d
e
l
a
y
r
e
s
p
e
c
t
i
v
e
l
y
a
s
s
h
o
w
n
i
n
T
a
-
b
l
e
2
.
T
h
e
v
a
r
i
a
b
l
e
d
e
l
a
y
e
l
e
m
e
n
t
c
a
n
b
e
i
m
p
l
e
m
e
n
t
e
d
u
s
i
n
g
a
F
I
F
O
m
e
m
o
r
y
a
d
d
r
e
s
s
e
d
i
n
a
c
i
r
c
u
l
a
r
m
a
n
n
e
r
b
y
a
s
i
n
g
l
e
p
o
i
n
t
e
r
f
o
r
b
o
t
h
r
e
a
d
a
n
d
w
r
i
t
e
o
p
e
r
a
t
i
o
n
s
.
T
h
e
c
y
c
l
e
t
i
m
e
f
r
o
m
o
n
e
l
o
c
a
t
i
o
n
t
o
t
h
e
s
a
m
e
l
o
c
a
t
i
o
n
d
e
t
e
r
m
i
n
e
s
t
h
e
d
e
l
a
y
t
i
m
e
,
w
h
i
c
h
c
a
n
e
a
s
i
l
y
b
e
c
h
a
n
g
e
d
b
y
c
h
a
n
g
i
n
g
t
h
e
m
a
x
i
m
u
m
a
d
d
r
e
s
s
v
a
l
u
e
.
I
n
t
h
e
￿
g
u
r
e
,
t
h
e
s
h
e
a
r
i
n
g
s
(
i
;
j
;
k
)
!
(
i
y
;
j
y
;
k
y
)
a
n
d
(
i
;
j
;
k
)
!
(
^
i
;
^
j
;
^
k
)
a
r
e
c
a
r
r
i
e
d
o
u
t
o
n
t
h
e
￿
y
a
t
s
-
h
e
a
r
b
l
o
c
k
i
n
t
h
e
￿
g
u
r
e
.
T
h
i
s
s
h
e
a
r
i
n
g
i
s
c
a
r
r
i
e
d
o
u
t
u
s
i
n
g
D
D
A
i
n
s
t
e
a
d
o
f
m
a
t
r
i
x
m
u
l
t
i
p
l
i
c
a
t
i
o
n
.
T
a
b
l
e
2
N
u
m
b
e
r
o
f
t
i
m
e
d
e
l
a
y
v
e
r
s
u
s
d
a
t
a
d
i
m
e
n
s
i
o
n
V
a
n
d
t
h
e
n
u
m
b
e
r
o
f
p
r
o
c
e
s
s
i
n
g
p
i
p
e
l
i
n
e
s
N
P
.
L
o
c
a
t
i
o
n
o
f
d
e
l
a
y
N
u
m
b
e
r
o
f
d
e
l
a
y
N
o
n
a
d
a
p
t
i
v
e
A
d
a
p
t
i
v
e
j
-
d
e
l
a
y
V
=
N
P
(
V
=
D
)
=
N
P
k
-
d
e
l
a
y
V
2
=
N
P
(
V
2
=
D
)
=
N
P
l
e
f
t
f
o
l
d
i
n
g
d
e
l
a
y
V
=
N
P
(
V
=
D
)
=
N
P
f
o
l
d
i
n
g
d
e
l
a
y
1
1
5
.
2
R
e
n
d
e
r
i
n
g
T
i
m
i
n
g
s
T
h
e
r
e
n
d
e
r
i
n
g
t
i
m
e
i
s
d
i
r
e
c
t
l
y
r
e
l
a
t
e
d
t
o
t
h
e
n
u
m
b
e
r
o
f
r
e
s
a
m
p
l
i
n
g
o
p
e
r
a
t
i
o
n
s
t
o
p
e
r
f
o
r
m
,
w
h
i
c
h
c
a
n
b
e
r
e
-O
G
A
T
A
e
t
a
l
:
7
0 0 0 0 0
v000 v100 v200 v300 v400 v500
v710 v010 v110 v210
0
v310 v410
0
v600
v510
0
v700
v610
(
a
)
N
o
f
o
l
d
i
n
g
.
0 0 0 0
v000 v100 v200 v300
v710 v010 v110 v210
---
- - - v310 v410 -
0 0
v400 v500
--
-
- -
v510 v610
0 0
v600 v700
- -
---
Unit
time
delay
(
b
)
T
i
m
i
n
g
s
h
i
f
t
o
f
i
n
p
u
t
d
a
t
a
w
i
t
h
d
e
l
a
y
.
2 unit time
S
Selector
0 0
v000 v100
v400 v500
v710 v010
v310 v410
0 0
v200 v300
v600 v700
v110 v210
v510 v610
S
delay
Left folding delay
unit time
delay
Folding delay
(
c
)
F
o
l
d
i
n
g
a
s
t
r
i
n
g
o
f
v
o
x
e
l
s
w
i
t
h
4
p
i
p
e
l
i
n
e
s
.
F
i
g
.
7
A
d
e
r
i
v
a
t
i
o
n
c
h
a
r
t
o
f
f
o
l
d
i
n
g
d
e
l
a
y
s
a
n
d
t
h
e
i
r
c
o
n
t
r
o
l
f
o
r
t
h
e
f
o
l
d
i
n
g
p
r
o
c
e
s
s
;
V
=
8
a
n
d
N
P
=
4
.
d
u
c
e
d
b
y
t
h
e
u
s
e
o
f
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
.
I
t
i
s
u
p
p
e
r
-
b
o
u
n
d
e
d
b
y
t
h
e
t
o
t
a
l
n
u
m
b
e
r
o
f
r
e
s
a
m
p
l
i
n
g
o
p
e
r
a
t
i
o
n
s
w
i
t
h
o
u
t
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
s
,
t
h
a
t
i
s
,
o
n
l
y
w
i
t
h
o
-
r
i
g
i
n
a
l
v
o
x
e
l
s
.
S
i
n
c
e
t
h
e
r
e
s
a
m
p
l
i
n
g
a
n
d
o
t
h
e
r
r
e
n
d
e
r
i
n
g
o
p
e
r
a
-
t
i
o
n
s
c
a
n
f
u
l
l
y
b
e
p
i
p
e
l
i
n
e
d
,
t
h
e
p
i
p
e
l
i
n
e
c
y
c
l
e
t
i
m
e
c
a
n
b
e
e
q
u
a
l
t
o
t
h
e
m
e
m
o
r
y
a
c
c
e
s
s
t
i
m
e
T
m
.
T
h
i
s
i
m
p
l
i
e
s
t
h
a
t
t
h
e
p
r
o
c
e
s
s
i
n
g
b
o
t
t
l
e
n
e
c
k
i
s
t
h
e
m
e
m
o
r
y
a
c
c
e
s
s
t
i
m
e
.
F
o
r
a
g
i
v
e
n
s
e
t
o
f
r
e
n
d
e
r
i
n
g
p
a
r
a
m
e
t
e
r
s
,
a
c
c
e
s
s
-
e
s
t
o
t
h
e
v
o
x
e
l
m
e
m
o
r
y
a
r
e
r
e
g
u
l
a
r
a
n
d
d
e
t
e
r
m
i
n
i
s
t
i
c
.
A
d
o
u
b
l
e
b
u
￿
e
r
i
n
g
t
e
c
h
n
i
q
u
e
c
a
n
b
e
u
s
e
d
t
o
p
r
o
v
i
d
e
c
o
n
t
i
n
u
o
u
s
d
a
t
a
s
t
r
e
a
m
s
f
r
o
m
t
h
e
v
o
x
e
l
m
e
m
o
r
y
t
o
t
h
e
r
e
s
a
m
p
l
i
n
g
m
o
d
u
l
e
a
n
d
r
e
n
d
e
r
i
n
g
p
i
p
e
l
i
n
e
s
.
T
h
e
p
i
x
e
l
m
e
m
o
r
y
d
o
e
s
n
o
t
r
e
q
u
i
r
e
m
u
c
h
b
a
n
d
w
i
d
t
h
o
n
a
v
e
r
a
g
e
,
b
e
c
a
u
s
e
t
h
e
p
i
x
e
l
w
r
i
t
e
o
p
e
r
a
t
i
o
n
s
a
r
e
b
u
r
s
t
y
b
u
t
i
n
-
t
e
r
m
i
t
t
e
n
t
.
A
s
i
m
p
l
e
p
i
x
e
l
b
u
￿
e
r
i
n
g
t
e
c
h
n
i
q
u
e
w
i
t
h
a
F
I
F
O
m
e
m
o
r
y
w
i
l
l
b
e
e
n
o
u
g
h
f
o
r
p
i
x
e
l
w
r
i
t
e
o
p
e
r
a
t
i
o
n
s
.
V/4
0
1
2
0
1
2
0
1
2
0
1
2
W WW
W
W
W
W
W
WW
W
W
3
4
5
3
4
5
3
4
5
3
4
5
W W
W W W W
W W
W W W W
0 0
V/4 V/4 V/4 V/4
V/4 V/4 V/4
Pipeline-0 Pipeline-1 Pipeline-2 Pipeline-3
To
W1
To
W2
To 
W4
To
W5
From
  W1
From
  W3
From
  W4
From
  W0
S
S
S
S
S
S
S
S
0 0
M M M M
Shear
i j k
0 0 0 0
7
8
7
8
7
8
7
8
W W W W
W W W W
6 W 6 W 6 W 6 W
 
k
-
d
i
r
e
c
t
i
o
n
1
D
 
C
o
n
v
o
l
u
t
i
o
n
0 0 0 0
To
W7
To
W8
From
  W6
From
  W7
 
2
D
 
C
o
n
v
o
l
u
t
i
o
n
S
S
S
S
V  /4 2 V  /4 2 V  /4 2 V  /4 2
V  /4 2 V  /4 2 V  /4 2 V  /4 2
Selector
S
n delay
j or k-delay
n
Unit delay
Folding
delay
Left folding 
V/4 delay
delay 
F
i
g
.
8
3
￿
3
￿
3
p
i
p
e
l
i
n
e
d
3
D
c
o
n
v
o
l
u
t
i
o
n
f
o
r
g
e
n
e
r
a
l
c
a
s
e
:
V
￿
N
P
,
N
p
=
4
.
T
h
e
v
o
x
e
l
a
n
d
p
i
x
e
l
m
e
m
o
r
i
e
s
c
a
n
b
e
i
m
p
l
e
m
e
n
t
e
d
b
y
S
D
R
A
M
(
S
y
n
c
h
r
o
n
o
u
s
D
R
A
M
)
c
h
i
p
s
t
o
e
x
p
l
o
i
t
t
h
e
i
r
b
u
r
s
t
a
c
c
e
s
s
m
o
d
e
.
L
e
t
V
3
,
N
p
,
a
n
d
N
f
b
e
t
h
e
v
o
l
u
m
e
s
i
z
e
,
t
h
e
n
u
m
b
e
r
o
f
r
e
n
d
e
r
i
n
g
p
i
p
e
l
i
n
e
s
,
a
n
d
t
h
e
n
u
m
b
e
r
o
f
i
m
a
g
e
f
r
a
m
e
s
g
e
n
e
r
a
t
e
d
p
e
r
s
e
c
o
n
d
.
T
h
e
t
o
t
a
l
n
u
m
b
e
r
o
f
s
a
m
p
l
e
s
N
s
t
o
c
o
m
p
u
t
e
i
n
e
a
c
h
p
i
p
e
l
i
n
e
f
o
r
o
n
e
s
e
c
o
n
d
i
s
g
i
v
e
n
b
y
:
N
s
=
V
3
N
f
=
N
p
:
(
1
0
)
F
o
r
e
a
c
h
s
e
c
o
n
d
,
N
s
T
m
<
=
1
:
(
1
1
)
F
o
r
a
g
i
v
e
n
s
e
t
o
f
p
a
r
a
m
e
t
e
r
s
T
m
,
N
f
,
a
n
d
N
p
,
t
h
e
m
a
x
i
m
u
m
d
i
m
e
n
s
i
o
n
o
f
v
o
l
u
m
e
t
h
a
t
c
a
n
b
e
r
e
n
d
e
r
e
d
i
s
g
i
v
e
n
b
y
:
V
<
=
3
q
N
p
=
(
N
f
T
m
)
:
(
1
2
)
A
s
s
u
m
i
n
g
t
h
a
t
T
m
=
8
n
s
a
s
i
n
a
1
2
5
-
M
H
z
S
D
R
A
M
c
h
i
p
a
n
d
N
f
=
3
0
f
r
a
m
e
s
/
s
e
c
o
n
d
,
t
h
e
v
o
l
u
m
e
d
i
m
e
n
-
s
i
o
n
s
c
o
m
p
u
t
e
d
f
o
r
s
e
v
e
r
a
l
v
a
l
u
e
s
o
f
N
f
a
n
d
N
p
a
r
e
s
h
o
w
n
i
n
F
i
g
.
9
.
T
h
e
v
o
l
u
m
e
d
i
m
e
n
s
i
o
n
s
c
o
m
p
u
t
e
d
f
o
r
s
e
v
e
r
a
l
t
y
p
i
c
a
l
v
a
l
u
e
s
o
f
N
f
a
n
d
N
p
a
r
e
a
l
s
o
s
h
o
w
n
i
n
T
a
b
l
e
3
.
T
h
e
s
e
v
a
l
u
e
s
v
e
r
i
f
y
t
h
a
t
t
h
e
p
r
o
p
o
s
e
d
a
r
-8
I
E
I
C
E
T
R
A
N
S
.
I
N
F
O
R
M
A
T
I
O
N
S
Y
S
T
E
M
S
,
V
O
L
.
E
0
0
{
A
,
N
O
.
1
J
A
N
U
A
R
Y
1
9
9
9
0
2
0
0
4
0
0
6
0
0
8
0
0
1
0
0
0
1
2
0
0
1
4
0
0
1
6
0
0
2
1
6
3
2
6
4
1
2
8
2
5
6
N
u
m
b
e
r
o
f
v
o
l
u
m
e
d
i
m
e
n
s
i
o
n
N
u
m
b
e
r
o
f
p
i
p
e
l
i
n
e
s
N
p
6
0
H
z
3
0
H
z
2
0
H
z
1
0
H
z
F
i
g
.
9
M
a
x
i
m
u
m
v
o
l
u
m
e
d
i
m
e
n
s
i
o
n
s
.
T
a
b
l
e
3
M
a
x
i
m
u
m
v
o
l
u
m
e
d
i
m
e
n
s
i
o
n
s
f
o
r
t
y
p
i
c
a
l
f
r
a
m
e
r
a
t
e
.
N
f
N
p
(
#
p
i
p
e
l
i
n
e
s
)
(
f
r
a
m
e
s
/
s
e
c
)
2
4
8
1
6
3
2
6
4
3
0
2
0
3
2
5
5
3
2
2
4
0
5
5
1
1
6
4
4
2
0
2
3
2
2
9
2
3
6
8
4
6
4
5
8
5
7
3
7
1
0
2
9
2
3
6
8
4
6
4
5
8
5
7
3
7
9
2
8
c
h
i
t
e
c
t
u
r
e
c
a
n
r
e
n
d
e
r
v
o
l
u
m
e
s
o
f
p
r
a
c
t
i
c
a
l
s
i
z
e
s
i
n
r
e
a
l
-
t
i
m
e
.
M
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
s
a
r
e
g
e
n
e
r
a
t
e
d
b
e
f
o
r
e
a
v
o
l
u
m
e
d
a
t
a
s
e
t
i
s
l
o
a
d
e
d
i
n
t
o
t
h
e
v
o
x
e
l
m
e
m
o
r
y
.
T
h
e
y
c
a
n
b
e
g
e
n
e
r
a
t
e
d
o
￿
-
l
i
n
e
b
y
s
o
f
t
w
a
r
e
.
T
h
e
s
e
t
o
f
o
p
-
e
r
a
t
i
o
n
s
t
o
c
o
m
p
u
t
e
a
s
i
n
g
l
e
d
a
t
a
f
r
o
m
e
i
g
h
t
d
a
t
a
a
t
a
l
o
w
e
r
l
e
v
e
l
i
n
c
l
u
d
e
s
s
e
v
e
n
a
d
d
i
t
i
o
n
s
,
o
n
e
d
i
v
i
s
i
o
n
(
s
h
i
f
t
)
,
a
n
d
e
i
g
h
t
m
e
m
o
r
y
r
e
a
d
s
,
a
n
d
o
n
e
m
e
m
o
r
y
w
r
i
t
e
;
V
2
(
V
￿
1
)
2
=
4
s
e
t
s
o
f
o
p
e
r
a
t
i
o
n
s
a
r
e
r
e
q
u
i
r
e
d
f
o
r
a
v
o
l
-
u
m
e
o
f
V
3
.
A
l
t
h
o
u
g
h
t
h
e
n
u
m
b
e
r
o
f
o
p
e
r
a
t
i
o
n
s
c
a
n
b
e
r
e
d
u
c
e
d
b
y
u
s
i
n
g
s
o
m
e
o
p
t
i
m
i
z
a
t
i
o
n
t
e
c
h
n
i
q
u
e
s
,
s
u
c
h
a
s
b
u
￿
e
r
i
n
g
a
n
d
p
i
p
e
l
i
n
i
n
g
,
i
t
s
e
e
m
s
s
t
i
l
l
d
i
￿
c
u
l
t
t
o
p
e
r
f
o
r
m
t
h
e
s
e
o
p
e
r
a
t
i
o
n
s
o
n
t
h
e
￿
y
w
i
t
h
t
h
e
c
u
r
r
e
n
t
t
e
c
h
n
o
l
o
g
i
e
s
.
I
t
m
a
y
b
e
r
e
a
s
o
n
a
b
l
e
,
h
o
w
e
v
e
r
,
t
o
p
e
r
-
f
o
r
m
t
h
e
s
e
o
p
e
r
a
t
i
o
n
s
u
s
i
n
g
s
e
v
e
r
a
l
f
r
a
m
e
p
e
r
i
o
d
s
f
o
r
p
r
a
c
t
i
c
a
l
a
p
p
l
i
c
a
t
i
o
n
s
.
6
.
E
x
p
e
r
i
m
e
n
t
s
W
e
b
u
i
l
t
a
s
o
f
t
w
a
r
e
s
i
m
u
l
a
t
o
r
t
o
s
i
m
u
l
a
t
e
t
h
e
p
i
p
e
l
i
n
e
d
a
t
a
￿
o
w
o
f
t
h
e
p
r
o
p
o
s
e
d
a
r
c
h
i
t
e
c
t
u
r
e
a
n
d
v
e
r
i
f
y
t
h
e
c
o
n
c
e
p
t
f
o
r
b
o
t
h
p
a
r
a
l
l
e
l
a
n
d
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
s
.
T
o
c
o
m
p
a
r
e
i
m
a
g
e
s
,
w
e
a
l
s
o
b
u
i
l
t
a
s
a
m
p
l
e
-
o
r
d
e
r
r
a
y
-
c
a
s
t
i
n
g
r
e
n
d
e
r
e
r
t
h
a
t
c
o
m
p
u
t
e
s
s
l
i
c
e
s
o
f
s
a
m
p
l
e
s
p
e
r
-
p
e
n
d
i
c
u
l
a
r
t
o
t
h
e
v
i
e
w
i
n
g
v
e
c
t
o
r
a
n
d
a
c
c
u
m
u
l
a
t
e
s
t
h
e
m
t
o
p
r
o
d
u
c
e
t
h
e
￿
n
a
l
i
m
a
g
e
.
W
e
c
o
n
d
u
c
t
e
d
s
e
v
e
r
a
l
r
e
n
-
d
e
r
i
n
g
e
x
p
e
r
i
m
e
n
t
s
w
i
t
h
t
h
e
s
e
s
i
m
u
l
a
t
o
r
s
.
F
i
g
.
6
(
a
)
s
h
o
w
s
a
p
e
r
s
p
e
c
t
i
v
e
i
m
a
g
e
r
e
n
d
e
r
e
d
f
r
o
m
a
n
o
p
a
q
u
e
c
u
b
e
o
f
s
i
z
e
6
4
3
t
o
v
e
r
i
f
y
t
h
e
p
e
r
s
p
e
c
t
i
v
e
p
r
o
-
j
e
c
t
i
o
n
.
T
h
e
￿
l
t
e
r
k
e
r
n
e
l
b
a
s
e
d
o
n
t
h
e
2
￿
2
￿
2
L
a
g
r
a
n
g
e
f
o
r
m
u
l
a
i
s
u
s
e
d
i
n
r
e
s
a
m
p
l
i
n
g
.
F
i
g
s
.
6
(
b
)
a
n
d
(
c
)
s
h
o
w
t
w
o
p
e
r
s
p
e
c
t
i
v
e
i
m
a
g
e
s
r
e
n
d
e
r
e
d
f
r
o
m
a
n
o
p
a
q
u
e
c
h
e
c
k
e
r
-
b
o
a
r
d
c
u
b
e
o
f
s
i
z
e
1
2
8
3
(
s
p
a
t
i
a
l
f
r
e
q
u
e
n
c
y
o
f
6
4
H
z
)
t
o
e
x
p
l
o
r
e
t
h
e
a
l
i
a
s
i
n
g
p
r
o
b
l
e
m
;
a
f
u
l
l
y
o
p
a
q
u
e
d
a
t
a
s
e
t
g
i
v
e
s
t
h
e
w
o
r
s
t
c
a
s
e
f
o
r
a
l
i
a
s
i
n
g
.
T
h
e
i
m
a
g
e
i
n
F
i
g
.
6
(
b
)
i
s
g
e
n
e
r
a
t
e
d
b
y
u
s
i
n
g
t
h
e
n
e
a
r
e
s
t
n
e
i
g
h
b
o
r
v
o
x
e
l
v
a
l
u
e
s
i
n
r
e
s
a
m
p
l
i
n
g
,
s
h
o
w
-
i
n
g
t
h
e
a
l
i
a
s
i
n
g
p
r
o
b
l
e
m
c
l
e
a
r
l
y
.
T
h
e
i
m
a
g
e
i
n
F
i
g
.
6
(
c
)
i
s
g
e
n
e
r
a
t
e
d
b
y
u
s
i
n
g
a
3
￿
3
￿
3
b
o
x
￿
l
t
e
r
k
e
r
n
e
l
i
n
r
e
-
s
a
m
p
l
i
n
g
,
s
h
o
w
i
n
g
t
h
e
a
n
t
i
a
l
i
a
s
i
n
g
e
￿
e
c
t
b
y
c
o
n
v
o
l
u
t
i
o
n
u
s
i
n
g
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
s
.
F
i
g
s
.
6
(
d
)
,
(
e
)
,
a
n
d
(
f
)
s
h
o
w
t
h
e
i
m
a
g
e
s
r
e
n
d
e
r
e
d
f
r
o
m
t
h
e
e
n
g
i
n
e
b
l
o
c
k
o
f
s
i
z
e
2
5
6
3
u
s
e
d
i
n
L
a
c
r
o
u
t
e
’
s
r
e
n
d
e
r
i
n
g
e
x
p
e
r
i
m
e
n
t
s
[
6
]
w
i
t
h
a
m
a
n
u
a
l
l
y
a
d
j
u
s
t
e
d
o
p
a
c
i
t
y
t
a
b
l
e
.
F
i
g
.
6
(
d
)
s
h
o
w
s
a
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
-
t
i
o
n
i
m
a
g
e
,
a
n
d
F
i
g
.
6
(
e
)
s
h
o
w
s
a
p
a
r
a
l
l
e
l
p
r
o
j
e
c
t
i
o
n
i
m
a
g
e
f
o
r
a
c
o
m
p
a
r
i
s
o
n
p
u
r
p
o
s
e
.
T
h
e
s
e
t
w
o
i
m
a
g
e
s
a
r
e
g
e
n
e
r
a
t
e
d
b
y
u
s
i
n
g
a
k
e
r
n
e
l
b
a
s
e
d
o
n
t
h
e
3
￿
3
￿
3
L
a
-
g
r
a
n
g
e
f
o
r
m
u
l
a
.
F
i
g
.
6
(
f
)
i
s
a
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
i
m
a
g
e
g
e
n
e
r
a
t
-
e
d
b
y
t
h
e
s
a
m
p
l
e
-
o
r
d
e
r
r
a
y
-
c
a
s
t
i
n
g
r
e
n
d
e
r
e
r
w
i
t
h
i
n
t
e
r
-
p
o
l
a
t
i
o
n
s
u
s
i
n
g
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
s
.
T
h
e
n
u
m
b
e
r
o
f
t
h
e
s
l
i
c
e
s
t
a
k
e
n
f
o
r
t
h
i
s
i
m
a
g
e
i
s
2
5
8
,
a
b
o
u
t
t
h
e
s
a
m
e
n
u
m
b
e
r
o
f
s
l
i
c
e
s
(
2
5
6
)
u
s
e
d
i
n
F
i
g
.
6
(
d
)
.
T
h
e
t
w
o
i
m
-
a
g
e
s
i
n
F
i
g
s
.
6
(
d
)
a
n
d
(
f
)
l
o
o
k
c
o
m
p
a
r
a
b
l
e
i
n
q
u
a
l
i
t
y
.
7
.
F
u
t
u
r
e
W
o
r
k
T
h
e
a
n
a
l
y
s
i
s
f
o
r
￿
x
e
d
-
p
o
i
n
t
a
r
i
t
h
m
e
t
i
c
i
s
a
n
e
s
s
e
n
t
i
a
l
w
o
r
k
f
o
r
h
a
r
d
w
a
r
e
i
m
p
l
e
m
e
n
t
a
t
i
o
n
.
A
n
d
t
h
e
o
t
h
e
r
f
u
-
t
u
r
e
w
o
r
k
i
s
t
h
e
t
h
e
o
r
e
t
i
c
a
l
a
n
a
l
y
s
i
s
f
o
r
c
o
n
v
o
l
u
t
i
o
n
o
n
r
e
-
s
a
m
p
l
e
d
d
a
t
a
f
r
o
m
i
r
r
e
g
u
l
a
r
v
o
l
u
m
e
s
.
8
.
C
o
n
c
l
u
s
i
o
n
W
e
h
a
v
e
p
r
o
p
o
s
e
d
a
n
e
w
V
L
S
I
a
r
c
h
i
t
e
c
t
u
r
e
o
f
r
e
a
l
-
t
i
m
e
v
o
l
u
m
e
g
r
a
p
h
i
c
s
u
s
i
n
g
3
D
c
o
n
v
o
l
u
t
i
o
n
f
o
r
b
o
t
h
p
a
r
a
l
l
e
l
a
n
d
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
s
b
a
s
e
d
o
n
t
h
e
s
h
e
a
r
-
w
a
r
p
a
l
-
g
o
r
i
t
h
m
.
I
n
t
h
e
o
r
i
g
i
n
a
l
a
l
g
o
r
i
t
h
m
,
t
h
e
f
u
r
t
h
e
r
t
h
e
r
a
y
p
r
o
c
e
e
d
s
,
t
h
e
m
o
r
e
v
o
x
e
l
s
a
r
e
r
e
q
u
i
r
e
d
f
o
r
t
h
e
c
a
l
c
u
-
l
a
t
i
o
n
o
f
c
o
n
v
o
l
u
t
i
o
n
.
T
h
e
i
n
c
r
e
a
s
e
o
f
r
e
q
u
i
r
e
d
v
o
x
e
l
s
m
a
k
e
s
d
i
￿
c
u
l
t
t
o
i
m
p
l
e
m
e
n
t
t
h
e
a
l
g
o
r
i
t
h
m
i
n
h
a
r
d
w
a
r
e
.
1
)
W
e
p
r
e
p
a
r
e
s
e
v
e
r
a
l
s
e
t
s
o
f
r
e
s
o
l
u
t
i
o
n
o
f
v
o
x
e
l
s
a
s
s
o
c
i
-
a
t
e
d
w
i
t
h
d
e
p
t
h
,
i
n
o
r
d
e
r
t
h
a
t
c
o
n
v
o
l
u
t
i
o
n
c
a
n
b
e
d
o
n
e
w
i
t
h
c
o
n
s
t
a
n
t
n
u
m
b
e
r
o
f
v
o
x
e
l
s
i
n
d
e
p
e
n
d
e
n
t
o
f
d
e
p
t
h
.
2
)
W
e
i
m
p
l
e
m
e
n
t
3
D
c
o
n
v
o
l
u
t
i
o
n
b
y
t
h
r
e
e
s
e
r
i
a
l
1
D
c
o
n
v
o
l
u
t
i
o
n
s
a
l
o
n
g
X
,
Y
a
n
d
Z
a
x
e
s
,
w
h
i
c
h
r
e
d
u
c
e
s
t
h
e
c
a
l
c
u
l
a
t
i
o
n
s
t
e
p
s
f
r
o
m
M
3
t
o
3
M
,
w
h
e
r
e
t
h
e
c
o
n
v
o
l
u
-
t
i
o
n
i
s
c
a
l
c
u
l
a
t
e
d
f
o
r
M
3
a
r
e
a
.
F
o
r
V
3
v
o
x
e
l
s
d
a
t
a
s
e
t
,
t
h
e
n
u
m
b
e
r
o
f
p
i
p
e
l
i
n
e
s
f
o
r
r
a
y
s
i
s
V
2
a
n
d
t
h
e
i
r
p
i
p
e
l
i
n
e
s
t
a
g
e
i
s
3
M
.
I
f
t
h
e
h
a
r
d
-
w
a
r
e
o
f
a
s
i
n
g
l
e
p
i
p
e
l
i
n
e
h
a
s
t
h
e
c
a
p
a
b
i
l
i
t
y
o
f
c
a
l
c
u
l
a
t
i
n
g
V
r
a
y
s
,
e
a
c
h
o
f
t
h
e
i
m
p
l
e
m
e
n
t
e
d
p
i
p
e
l
i
n
e
s
i
s
a
s
s
i
g
n
e
d
t
o
V
t
h
e
o
r
e
t
i
c
a
l
p
i
p
e
l
i
n
e
s
(
f
o
r
V
2
r
a
y
s
)
.
I
n
a
c
t
u
a
l
i
m
-
p
l
e
m
e
n
t
a
t
i
o
n
,
a
n
u
m
b
e
r
o
f
h
a
r
d
w
a
r
e
p
i
p
e
l
i
n
e
s
s
h
o
u
l
d
b
e
m
u
c
h
s
m
a
l
l
e
r
t
h
a
n
t
h
e
V
t
h
e
o
r
e
t
i
c
a
l
p
i
p
e
l
i
n
e
s
.
W
e
f
o
l
d
t
h
e
t
h
e
o
r
e
t
i
c
a
l
p
i
p
e
l
i
n
e
s
a
n
d
r
e
d
u
c
e
t
h
e
m
t
o
t
h
e
c
e
r
t
a
i
n
n
u
m
b
e
r
o
f
h
a
r
d
w
a
r
e
p
i
p
e
l
i
n
e
s
.
R
e
g
a
r
d
i
n
g
t
h
i
s
f
o
l
d
i
n
g
,
w
e
s
h
o
w
t
h
e
r
e
l
a
t
i
o
n
b
e
t
w
e
e
n
f
o
l
d
i
n
g
p
r
o
c
e
s
s
a
n
d
i
t
s
n
e
c
e
s
s
a
r
y
d
e
l
a
y
.O
G
A
T
A
e
t
a
l
:
9
(
a
)
P
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
w
i
t
h
2
￿
2
￿
2
c
o
n
v
o
l
u
t
i
o
n
.
(
b
)
P
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
b
y
r
e
-
s
a
m
p
l
i
n
g
t
h
e
n
e
a
r
e
s
t
n
e
i
g
h
b
o
r
v
o
x
e
l
s
.
(
c
)
P
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
w
i
t
h
3
￿
3
￿
3
c
o
n
v
o
l
u
t
i
o
n
.
(
d
)
P
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
w
i
t
h
3
￿
3
￿
3
c
o
n
v
o
l
u
t
i
o
n
.
(
e
)
P
a
r
a
l
l
e
l
p
r
o
j
e
c
t
i
o
n
w
i
t
h
3
￿
3
￿
3
c
o
n
v
o
l
u
t
i
o
n
.
(
f
)
S
c
r
e
e
n
-
t
o
-
O
b
j
e
c
t
p
e
r
s
p
e
c
t
i
v
e
p
r
o
j
e
c
t
i
o
n
b
y
i
n
t
e
r
p
o
l
a
t
i
o
n
s
u
s
i
n
g
m
u
l
t
i
-
r
e
s
o
l
u
t
i
o
n
d
a
t
a
s
e
t
s
.
F
i
g
.
1
0
G
e
n
e
r
a
t
e
d
i
m
a
g
e
s
w
i
t
h
s
i
m
u
l
a
t
o
r
s
.
T
h
e
a
r
c
h
i
t
e
c
t
u
r
e
c
a
n
g
e
n
e
r
a
t
e
i
m
a
g
e
o
f
2
5
6
3
v
o
x
l
e
s
d
a
t
a
s
e
t
(
V
=
2
5
6
)
a
t
3
0
H
z
w
i
t
h
4
p
i
p
e
l
i
n
e
s
.
I
n
a
d
d
i
t
i
o
n
,
t
h
e
a
r
c
h
i
t
e
c
t
u
r
e
c
a
n
b
e
e
x
t
e
n
d
e
d
e
a
s
i
l
y
f
o
r
5
1
2
3
(
V
=
5
1
2
)
a
n
d
1
0
2
4
3
(
V
=
1
0
2
4
)
d
a
t
a
s
e
t
w
i
t
h
3
2
p
i
p
e
l
i
n
e
s
a
n
d
2
5
6
p
i
p
e
l
i
n
e
s
r
e
s
p
e
c
t
i
v
e
l
y
.
O
u
r
a
r
c
h
i
t
e
c
-
t
u
r
e
h
a
s
p
r
o
c
e
s
s
i
n
g
e
x
p
a
n
d
a
b
i
l
i
t
y
.
A
c
k
n
o
w
l
e
d
g
m
e
n
t
s
W
e
w
o
u
l
d
l
i
k
e
t
o
t
h
a
n
k
a
l
l
t
h
e
m
e
m
b
e
r
s
o
f
t
h
e
v
o
l
-
u
m
e
g
r
a
p
h
i
c
s
p
r
o
j
e
c
t
a
t
M
i
t
s
u
b
i
s
h
i
E
l
e
c
t
r
i
c
I
n
f
o
r
m
a
t
i
o
n
T
e
c
h
n
o
l
o
g
y
C
e
n
t
e
r
A
m
e
r
i
c
a
f
o
r
t
h
e
i
r
s
u
p
p
o
r
t
.
E
s
p
e
c
i
a
l
-
l
y
,
m
a
n
y
t
h
a
n
k
s
t
o
B
e
v
e
r
l
y
S
c
h
u
l
t
z
f
o
r
h
e
r
h
e
l
p
.
A
l
s
o
m
a
n
y
t
h
a
n
k
s
t
o
M
r
.
K
a
g
e
n
o
r
i
K
a
j
i
h
a
r
a
o
f
M
i
t
s
h
u
b
i
s
h
i
P
r
e
c
i
s
i
o
n
C
o
.
,
f
o
r
h
i
s
v
a
l
u
a
b
l
e
c
o
m
m
e
n
t
s
f
o
r
t
h
e
p
a
p
e
r
.
R
e
f
e
r
e
n
c
e
s
[
1
]
A
.
S
.
G
l
a
s
s
n
e
r
.
P
r
i
n
c
i
p
l
e
s
o
f
D
i
g
i
t
a
l
I
m
a
g
e
S
y
n
t
h
e
s
i
s
.
M
o
r
-
g
a
n
&
K
a
u
f
m
a
n
,
1
9
9
5
.
[
2
]
T
.
G
￿
u
n
t
h
e
r
,
C
.
P
o
l
i
w
o
d
a
,
C
.
R
e
i
n
h
a
r
t
,
J
.
H
e
s
s
e
r
,
R
.
M
￿
a
n
n
e
r
,
H
.
-
P
.
M
e
i
n
z
e
r
,
a
n
d
H
.
-
J
.
B
a
u
r
.
V
i
r
i
m
:
A
m
a
s
-
s
i
v
e
l
y
p
a
r
a
l
l
e
l
p
r
o
c
e
s
s
o
r
f
o
r
r
e
a
l
-
t
i
m
e
v
o
l
u
m
e
v
i
s
u
a
l
i
z
a
t
i
o
n
i
n
m
e
d
i
c
i
n
e
.
C
o
m
p
u
t
e
r
s
&
G
r
a
p
h
i
c
s
,
1
9
(
5
)
:
7
0
5
{
7
1
0
,
1
9
9
5
.
[
3
]
A
.
K
a
u
f
m
a
n
a
n
d
R
.
B
a
k
a
l
a
s
h
.
M
e
m
o
r
y
a
n
d
p
r
o
c
e
s
s
i
n
g
a
r
c
h
i
t
e
c
t
u
r
e
f
o
r
3
d
v
o
x
e
l
-
b
a
s
e
d
i
m
a
g
e
r
y
.
I
E
E
E
C
o
m
p
u
t
e
r
G
r
a
p
h
i
c
s
&
A
p
p
l
i
c
a
t
i
o
n
s
,
8
(
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)
:
1
0
{
2
3
,
N
o
v
e
m
b
e
r
1
9
8
8
.
[
4
]
G
.
K
n
i
t
t
e
l
a
n
d
W
.
S
t
r
a
s
s
e
r
.
A
c
o
m
p
a
c
t
v
o
l
u
m
e
r
e
n
d
e
r
-
i
n
g
a
c
c
e
l
e
r
a
t
o
r
.
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
I
E
E
E
S
y
m
p
o
s
i
u
m
o
n
V
o
l
u
m
e
V
i
s
u
a
l
i
z
a
t
i
o
n
,
p
a
g
e
s
6
7
{
7
4
,
O
c
t
o
b
e
r
1
9
9
4
.
[
5
]
P
.
G
.
L
a
c
r
o
u
t
e
.
F
a
s
t
v
o
l
u
m
e
r
e
n
d
e
r
i
n
g
u
s
i
n
g
a
s
h
e
a
r
-
w
a
r
p
f
a
c
r
o
r
i
z
a
t
i
o
n
o
f
t
h
e
v
i
e
w
i
n
g
t
r
a
n
s
f
o
r
m
a
t
i
o
n
.
T
e
c
h
n
i
c
a
l
R
e
-
p
o
r
t
C
S
L
-
T
R
-
9
5
-
6
7
8
(
P
h
.
D
.
D
i
s
s
e
r
t
a
t
i
o
n
)
,
C
o
m
p
u
t
e
r
S
y
s
-1
0
I
E
I
C
E
T
R
A
N
S
.
I
N
F
O
R
M
A
T
I
O
N
S
Y
S
T
E
M
S
,
V
O
L
.
E
0
0
{
A
,
N
O
.
1
J
A
N
U
A
R
Y
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9
9
9
t
e
m
s
L
a
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o
r
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t
o
r
y
,
S
t
a
n
f
o
r
d
U
n
i
v
e
r
s
i
t
y
,
S
e
p
t
e
m
b
e
r
1
9
9
5
.
[
6
]
P
.
G
.
L
a
c
r
o
u
t
e
a
n
d
M
.
L
e
v
o
y
.
F
a
s
t
v
o
l
u
m
e
r
e
n
d
e
r
i
n
g
u
s
i
n
g
a
s
h
e
a
r
-
w
a
r
p
f
a
c
t
o
r
i
z
a
t
i
o
n
o
f
t
h
e
v
i
e
w
i
n
g
t
r
a
n
s
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o
r
m
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t
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o
n
.
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
A
C
M
S
I
G
G
R
A
P
H
’
9
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o
n
f
e
r
e
n
c
e
,
p
a
g
e
s
4
5
1
{
4
5
7
,
J
u
l
y
1
9
9
4
.
[
7
]
M
.
L
e
v
o
y
.
E
￿
c
i
e
n
t
r
a
y
t
r
a
c
i
n
g
o
f
v
o
l
u
m
e
d
a
t
a
.
A
C
M
T
r
a
n
s
-
a
c
t
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o
n
s
o
n
G
r
a
p
h
i
c
s
,
9
(
3
)
:
2
4
5
{
2
6
1
,
J
u
l
y
1
9
9
0
.
[
8
]
M
.
O
g
a
t
a
,
H
.
O
h
k
a
m
i
,
H
.
C
.
L
a
u
e
r
a
n
d
H
.
P
￿
s
t
e
r
,
A
R
e
a
l
-
T
i
m
e
V
o
l
u
m
e
R
e
n
d
e
r
i
n
g
A
r
c
h
i
t
e
c
t
u
r
e
w
i
t
h
R
e
s
a
m
-
p
l
i
n
g
S
c
h
e
m
e
f
o
r
P
a
r
a
l
l
e
l
a
n
d
P
e
r
s
p
e
c
t
i
v
e
P
r
o
j
e
c
t
i
o
n
s
.
P
r
o
-
c
e
e
d
i
n
g
s
o
f
t
h
e
A
C
M
/
I
E
E
E
S
y
m
p
o
s
i
u
m
o
n
V
o
l
u
m
e
V
i
s
u
a
l
-
i
z
a
t
i
o
n
,
p
a
g
e
s
2
0
{
2
9
,
O
c
t
o
b
e
r
1
9
9
8
.
[
9
]
R
.
O
s
b
o
r
n
e
,
H
.
P
￿
s
t
e
r
,
H
.
L
a
u
e
r
,
N
.
M
c
K
e
n
z
i
e
,
S
.
G
i
b
-
s
o
n
,
W
.
H
i
a
t
t
a
n
d
T
.
O
h
k
a
m
i
.
E
m
-
c
u
b
e
:
A
n
a
r
c
h
i
t
e
c
-
t
u
r
e
f
o
r
l
o
w
-
c
o
s
t
r
e
a
l
-
t
i
m
e
v
o
l
u
m
e
r
e
n
d
e
r
i
n
g
.
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
1
9
9
7
S
I
G
G
R
A
P
H
/
E
U
R
O
G
R
A
P
H
I
C
S
W
o
r
k
s
h
o
p
o
n
G
r
a
p
h
i
c
s
H
a
r
d
w
a
r
e
,
p
a
g
e
s
1
3
1
{
1
3
8
,
A
u
g
u
s
t
1
9
9
7
.
[
1
0
]
H
.
P
￿
s
t
e
r
.
A
r
c
h
i
t
e
c
t
u
r
e
f
o
r
r
e
a
l
-
t
i
m
e
v
o
l
u
m
e
r
e
n
d
e
r
i
n
g
.
P
h
.
d
.
d
i
s
s
e
r
t
a
t
i
o
n
,
D
e
p
a
r
t
m
e
n
t
o
f
C
o
m
p
u
t
e
r
S
c
i
e
n
c
e
,
S
t
a
t
e
U
n
i
v
e
r
s
i
t
y
o
f
N
e
w
Y
o
r
k
a
t
S
t
o
n
y
B
r
o
o
k
,
1
9
9
6
.
[
1
1
]
H
.
P
￿
s
t
e
r
a
n
d
A
.
K
a
u
f
m
a
n
.
C
u
b
e
-
4
:
A
s
c
a
l
a
b
l
e
a
r
c
h
i
t
e
c
-
t
u
r
e
f
o
r
r
e
a
l
-
t
i
m
e
v
o
l
u
m
e
r
e
n
d
e
r
i
n
g
.
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
A
C
M
/
I
E
E
E
S
y
m
p
o
s
i
u
m
o
n
V
o
l
u
m
e
V
i
s
u
a
l
i
z
a
t
i
o
n
,
p
a
g
e
s
4
7
{
5
4
,
S
a
n
F
r
a
n
s
i
s
c
o
,
C
A
,
O
c
t
o
b
e
r
1
9
9
6
.
[
1
2
]
H
.
P
￿
s
t
e
r
,
J
.
H
.
H
a
r
d
e
n
b
u
r
g
,
H
.
L
a
u
e
r
a
n
d
S
.
S
a
i
l
o
r
.
T
h
e
V
o
l
u
m
e
P
r
o
R
e
a
l
-
T
i
m
e
R
a
y
-
C
a
s
t
i
n
g
S
y
s
t
e
m
.
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
A
C
M
S
I
G
G
R
A
P
H
’
9
9
C
o
n
f
e
r
e
n
c
e
,
p
a
g
e
s
1
3
1
{
1
3
8
,
A
u
g
u
s
t
1
9
9
9
.
[
1
3
]
L
.
W
e
s
t
o
v
e
r
.
F
o
o
t
p
r
i
n
t
e
v
a
l
u
a
t
i
o
n
f
o
r
v
o
l
u
m
e
r
e
n
d
e
r
i
n
g
.
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
A
C
M
S
I
G
G
R
A
P
H
’
9
4
,
p
a
g
e
s
1
4
4
{
1
5
3
,
O
c
t
o
b
e
r
1
9
9
4
.
[
1
4
]
L
.
W
i
l
l
i
a
m
s
.
P
y
r
a
m
i
d
a
l
p
a
r
a
m
e
t
r
i
c
s
.
I
n
P
r
o
c
e
e
d
i
n
g
s
o
f
t
h
e
A
C
M
S
I
G
G
R
A
P
H
’
8
3
C
o
n
f
e
r
e
n
c
e
,
p
a
g
e
s
1
{
1
1
,
J
u
l
y
1
9
8
3
.
A
p
p
e
n
d
i
x
A
:
I
n
d
u
c
t
i
o
n
o
f
s
y
s
t
o
l
i
c
a
r
r
a
y
s
t
r
u
c
-
t
u
r
e
i
n
a
s
p
e
c
i
a
l
c
a
s
e
.
T
h
e
a
c
c
e
s
s
t
i
m
i
n
g
d
i
￿
e
r
e
n
c
e
T
d
b
e
t
w
e
e
n
t
w
o
v
o
x
e
l
s
i
s
d
e
￿
n
e
d
b
y
E
q
u
a
t
i
o
n
(
A
￿
1
)
u
s
i
n
g
v
o
x
e
l
d
i
m
e
n
s
i
o
n
V
a
n
d
t
h
e
n
u
m
b
e
r
o
f
p
i
p
e
l
i
n
e
s
N
p
,
r
e
f
e
r
t
o
F
i
g
.
6
.
T
d
(
v
i
j
k
;
v
l
m
n
)
=
b
(
i
￿
l
)
+
V
(
j
￿
m
)
+
V
2
(
k
￿
n
)
N
p
c
(
A
￿
1
)
T
h
e
3
D
c
o
n
v
o
l
u
t
i
o
n
,
E
q
u
a
t
i
o
n
(
4
)
,
i
s
s
e
p
a
r
a
t
e
d
i
n
-
t
o
t
h
e
f
o
l
l
o
w
i
n
g
s
e
r
i
e
s
o
f
e
q
u
a
t
i
o
n
s
.
a
i
c
;
￿
;
￿
=
P
M
￿
1
l
=
0
w
l
￿
v
i
c
+
l
;
￿
;
￿
;
b
￿
;
j
c
;
￿
=
P
M
￿
1
m
=
0
w
m
￿
a
￿
;
j
c
+
m
;
￿
;
s
￿
;
￿
;
k
c
=
P
M
￿
1
n
=
0
w
n
￿
b
￿
;
￿
;
k
c
+
n
:
(
A
￿
2
)
I
n
t
h
i
s
i
n
d
u
c
t
i
o
n
,
t
h
e
r
e
a
l
s
h
e
a
r
e
d
p
o
s
i
t
i
o
n
s
i
n
d
i
c
a
t
e
d
^
i
n
t
h
e
E
q
u
a
t
i
o
n
(
4
)
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r
e
n
o
t
n
e
c
e
s
s
a
r
y
s
o
t
h
a
t
w
e
d
o
n
o
t
u
s
e
d
i
t
f
o
r
s
i
m
p
l
i
c
i
t
y
.
F
i
g
.
A
￿
1
s
h
o
w
s
4
a
i
c
;
￿
;
￿
(
i
c
=
0
;
￿
￿
￿
;
2
)
w
i
t
h
s
t
a
n
d
-
i
n
g
u
p
f
o
r
m
.
I
n
t
h
e
￿
g
u
r
e
,
s
a
m
e
v
o
x
e
l
s
a
r
e
i
n
d
i
c
a
t
e
d
w
i
t
h
a
r
r
o
w
s
.
T
h
e
s
e
s
a
m
e
v
o
x
e
l
s
n
e
e
d
n
o
t
t
o
b
e
a
c
-
c
e
s
s
e
d
e
a
c
h
t
i
m
e
f
r
o
m
m
e
m
o
r
y
,
b
u
t
w
i
t
h
d
a
t
a
p
a
s
s
i
n
g
t
h
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o
u
g
h
.
T
h
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d
e
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y
t
i
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e
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o
r
t
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e
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i
n
g
t
h
o
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o
u
g
h
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a
n
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e
c
a
l
c
u
l
a
t
e
d
u
s
i
n
g
E
q
u
a
t
i
o
n
(
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￿
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n
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h
i
s
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a
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e
,
T
d
1
(
v
i
+
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;
￿
;
￿
;
v
i
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￿
;
￿
)
=
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T
h
e
r
e
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o
r
e
d
e
l
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y
u
n
i
t
s
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o
r
t
i
m
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n
g
a
d
j
u
s
t
m
e
n
t
a
r
e
n
o
t
n
e
c
e
s
s
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r
y
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r
t
h
e
d
a
t
a
p
a
s
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-
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1
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2
?
T
3
?
w
0
v
0
;
￿
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￿
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￿
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￿
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￿
;
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
v
0
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￿
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￿
?
a
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￿
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￿
?
w
0
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￿
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￿
?
6
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d
1
w
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￿
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￿
?
6
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d
1
w
2
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￿
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￿
￿
￿
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￿
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1
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￿
?
w
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￿
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￿
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￿
;
￿
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2
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￿
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￿
￿
￿
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￿
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a
2
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￿
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w
0
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￿
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￿
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w
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￿
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￿
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￿
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A
￿
1
I
n
d
u
c
t
i
o
n
o
f
4
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l
l
e
l
p
i
p
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c
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￿
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￿
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￿
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￿
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￿
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￿
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￿
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￿
?
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d
2
w
1
a
￿
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￿
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￿
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￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
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1
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￿
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￿
￿
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￿
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1
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￿
?
w
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a
￿
;
2
;
￿
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w
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￿
;
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￿
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w
2
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0
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￿
￿
￿
￿
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￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
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￿
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2
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￿
￿
￿
￿
￿
￿
￿
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￿
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2
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￿
?
w
0
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￿
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w
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;
0
;
￿
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2
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￿
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1
;
￿
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;
3
;
￿
￿
￿
￿
￿
￿
￿
￿
￿
￿
?
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￿
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3
;
￿
?
F
i
g
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A
￿
2
I
n
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c
t
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o
f
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r
a
l
l
e
l
p
i
p
e
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n
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1
D
c
o
n
v
o
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n
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r
j
-
d
i
r
e
c
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F
i
g
A
￿
2
i
l
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s
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r
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s
4
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￿
;
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c
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￿
w
i
t
h
s
t
a
n
d
i
n
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u
p
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r
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.
T
h
e
r
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r
e
s
a
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u
l
t
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o
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-
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r
e
c
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1
D
c
o
n
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o
l
u
-
t
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o
n
v
a
l
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e
a
i
;
￿
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￿
a
s
i
n
d
i
c
a
t
e
d
w
i
t
h
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o
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n
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h
i
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c
a
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a
￿
;
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￿
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￿
;
j
c
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￿
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=
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h
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r
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n
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t
t
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e
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r
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c
e
s
s
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r
y
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o
a
d
j
u
s
t
t
i
m
i
n
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a
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s
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u
s
s
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o
n
c
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n
b
e
a
p
p
l
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e
d
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r
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i
r
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c
t
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o
n
.
I
n
t
h
i
s
c
a
s
e
,
T
d
3
(
b
￿
;
￿
;
k
+
1
;
b
￿
;
￿
;
k
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=
1
6
=
4
.
T
h
i
s
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n
s
4
u
n
i
t
t
i
m
e
s
d
e
l
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y
i
s
n
e
c
e
s
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r
y
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r
d
a
t
a
p
a
s
s
i
n
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c
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c
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c
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c
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p
e
d
s
e
v
-
e
r
a
l
r
e
a
l
-
t
i
m
e
i
m
a
g
e
g
e
n
e
r
a
t
o
r
s
f
o
r
￿
i
g
h
t
s
i
m
u
l
a
t
o
r
s
.
H
i
s
c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
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c
u
r
r
e
n
t
r
e
s
e
a
r
c
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c
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e
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e
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i
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c
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c
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c
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